DICK SMITH PERSONAL COMPUTER 


FIRST EDITION — 1984 


All rights reserved. Reproduction or use, without express 
permission, of editorial or pictorial content, in any manner, is 
prohibited. No patent liability is assumed with respect to the 
use of the information contained herein. While every precau- 
tion has been taken in the preparation of this book, the 
publisher assumes no responsibility for errors or omissions. 
Neither is any liability assumed for damages resulting from 
the use of the information contained herein. 


© Copyright 1984, Video Technology Ltd. 


PREFACE 


This technical manual has been written to provide the 
maximum amount of useful data to those people interested 
in the internal workings of the computer. 


For the computer programmers, this book contains a number 
of invaluable machine language subroutines that will make 
software development somewhat easier than expected. It also 
contains an entire section on memory-mapping procedures 
and memory locations in BASIC. 


We have also included as much information as possible on the 
system board, the busses, built-in interfaces and power 
supply. Diagrams, circuits, charts and specifications give a 
basis for servicing — in the unlikely event of component 
failure. 


The technical engineering data included in this manual gives a 
full set of parameters for trouble — shooting and repair work. 
Unless your computers has suffered massive mechanical 
damage, you should find enough information here to restore 
any of the features and functions to full operational status. 
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THE SYSTEM OVERVIEW AND 
WHY THIS BOOK IS ORGANIZED 
THIS WAY INSTEAD OF SOME 
OTHER WAY 


@ The system overview 
@ The board 


@ On-board peripherals | 
(Z-80/Centronics Parallel/Disk drives/RS232) 


@ off-board peripherals 
(Everything else.) 


@ Why this book is organized this way 


THE SYSTEM BOARD OVERVIEW 


The computer is built around a 6502A microprocessor chip. 
The PCB (Printed Circuit Board) which surrounds this chip 
also has a number of other chips incorporated into it. These 
include the 8048 which controls the keyboard. Another runs 
the programmable sound generator. Still others contain the 
RAM (Random Access Memory), the ROM (Read-Only- 
Memory) and the unique video and input/output processors. 


ON-BOARD PERIPHERALS 


The system board offers a number of busses and sockets to 
which you can attach peripheral equipment. Four types of 
peripherals can be attached directly onto the system board. 


1) 280 Cartridge (catalogue No X 7570) 

2) Centronics parallel printer (catalogue No X 3250 X 3268) 
3) Disk Controller (catalogue No X 7510) 

4) RS232 Serial Adaptor (catalogue No X 7515) 


THE Z80 CARTRIDGE 


(catalogue No X 7570) 


Containing the Z80A microprocessor chip and interfacing. 
logic, the Z80 cartridge allows you to run CP/M-80° software. 
This includes a wide range of business applications and a 
number of personal programs. With the Z80 cartridge, your 
computer suddenly has a whole library of proven software, 
ready to run. 


HOOKING UP THE Z80 CARTRIDGE (catalogue No X 7570) 


Follow these simple steps: 
1) Make sure all power is OFF 


2) Plug the Z80 cartridge directly into the socket located on 
the right hand side of your computer. 


3) Turn on the power 
4) Insert CP/M-80® software into disk drive 


5) Load CP/M® software. 
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CENTRONICS PRINTER 


To connect any Centronics printer you must have a CAT 
Printer Connection cable (catalogue No X 7540). The inter- 
face to control the printer is built into your computer, but 
the connecting cable has special sockets and is easier to buy 
than to try.and make up yourself. 


THE BEST PRINTERS TO USE 


Although you can use any Centronics - type printer with 
your computer, we have developed special printers that 
precisely match the computer and take advantage of all it’s 
high power and special features. These are the printers 
described below. 


THE GRAPHICS PRINTER (BX-80) — Catalogue No X 3268 


A dot matrix printer with a speed of 100 characters per 
second, the Graphics printer gives you a great price/per- 
formance package. 


It will print graphics. It will print characters in close to letter 
quality. It allows you to print either 40 or 80 characters per 
line. 


THE 4-COLOUR PRINTER-PLOTTER (Catalogue No X 3248) 
This machine offers another great value. It prints both text 


and graphics. It can do plotting in 3-colours and, at 4 1/2 
inches, is very compact and convenient to use. 


HOW TO HOOK THEM UP: 
1) Turn off all the power to the computer and printer 


2) Attach the printer cable to the PRINTER socket on the 
rear panel of the computer. 


3) Attach the other end of the cable to the appropriate 
socket on the printer. 


4) Turn everything back on. 


5) Gonuts. 


DISK CONTROLLER 


(Catalogue No X 7510) 


Before you can add on a floppy disk drive, you must have a 
disk controller. It plugs directly onto the board through a 
socket on the back of the computer. 


Once the disk controller unit is in place, it will support 


“one or two 5-1/4 inch floppy disk drives. Each drive will 


store up to 160Kb of data per disk. 


To connect the disk drives to the disk controller, simply plug 
the flat wires into the sockets on the controller. Note: If only 
using one drive unit plug into socket marked Drive 1. 


THE RS232 SERIAL ADAPTOR 


(Catalogue No X 7515) 


The interface unit, called a CAT RS232 Serial Adaptor, 
plug into the RS232 socket in the back of your CAT. 


Once it is in place, it can communicate to other computers 
through a direct cable or over the telephone through a direct 
connect modem. The Dick Smith Dataphone II (catalogue X 
3272) is suitable for this purpose. 


The data transmission speeds range from 110 to 9600 bauds 
and are selected by using the mini switch on the bottom of 
the RS232 Serial Adaptor. 


The Dataphone I! operates at 300 baud. 
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THE OFF-BOARD PERIPHERALS 


These include everything not mentioned above. Such as.... 


GAME PADDLE (catalogue No X 7520) 


Two Joysticks are linked together by a 9-pin “‘D’’ type con- 
nector cable and plug in to the right-side of your computer 
console. Each Joystick consists of a 4-direction variable 
resistor and two contact switches as fire buttons. 


DATA CASSETTE (catalogue No X 7206) 


For low cost storage, you may choose the data cassette or 
just an ordinary cassette. However, the data cassette narrows 
down the noise bandwidth and makes parogram loading and 
saving more reliable. 


EMULATOR CARTRIDGE (catalogue No X 7530) 


The Emulator Cartridge is available in two form: a Cartridge 
and a printed Circuit Board. Both contains the same 
electronics except that they are plugged to the computer at 
different locations. 16K Bytes of RAM are built in, are 
electronically located at the same address as your built-in 
BASIC ROM interpreter. 


Application Programs and data can be loaded into these 
RAMs which is later read enabled and control.is automatical- 
ly passed from BASIC to these programs. Addition of this 
soft emulator thus allows more user memory. 


CHAPTER 2 


SYSTEM BOARD AND 
SUBSYSTEM 


The system board 

The processor subsystem 

The Read Only Memory (ROM) subsystem 
The Random Access Memory (RAM) subsystem 
The Master Timing Generator 

The Keyboard Controller subsystem 

The keys and their codes 

The Integrated Video subsystem 

Gate Array pin out descriptions 

Software switches 

Internal 1/0 


Screen mapping details 


SYSTEM BOARD 


The major elements of the System Board are divided into five 
functional areas. They are, the processor subsystem and its 
support elements, the Read-Only-Memory subsystem, the 
Random-Access-Memory subsystem, Integrated video and |/0 
subsystem, Master timing generator and keyboard controller 
subsystem. Diagram 2.1 shows the system board block 
diagram. 


19 


WVYSVIG WALSAS 


20 


THE PROCESSOR SUBSYSTEM 


The heart of the system board is the 8-bit 6502A micro- 
processor. It features 16 bit addressing (64K Bytes of 
storage), memory mapped |/0 and operates at 1 MHz or 
2 MHz. The clock frequency is derived from a timing circuit 
inside the video processor. The clock frequency varies with 
the display mode. Diagram 2.2 below gives the clock timing 
and display switch relationships. 


SWR1 SWRO Display Mode 
0 0 40 column text or graphics SO 


1 bit image graphics 2 ee 0 
0 double resolution graphics sy ee ee Gee 
1 fy ee es ee 


80 column text 


= = O 


l 250ns 250ns l 250ns 250ns 


Diagram 2.2 CPU clock patterns 
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Address buffers 74LS244 and Data Tranceivers 74LS245 are 
added to enchance CPU driving characteristics. Figure 2.3 
shows the block diagram for the processor subsystem. 


CPUCLOCK 


BR/W 


1RQ 
NMI 
RDY 


CPURST 


Figure 2.3 block diagram of processor subsystem 


System Data Bus is partitioned into two phases Mo and 01. 
In Oo phase, data bus holds read/write data for CP-U whereas 
in @1 phase, read data appears for the video processors. 
Figure 2.4 shows the timing. 


Go | 


S0ns data HOLD 
| 50ns | 


DATA BUS CPU DATA VIDEC 


DATA READY 
| 30ns | 
BR/W 


| 50ns | 
Read/Write Read Only 


Figure 2.4 data bus timing 


Timing for Address lines and interrupt or ready lines are the 
same as those for 6502A specifications in Rockwell or 
Synertek data sheets. 
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READ-ONLY-MEMORY (ROM) 
SUBSYSTEM 


The ROM subsystem consists of the 32K Byte ROM, which 
holds the enchanced Microsoft BASIC and System Kernel, 
and the decoding logic. 


DATA BUS 


low order 
_ address lines 


ADDRESS BUS 


32KB 
ROM 
higher order ° 
Address ROM address 
Translation 
logic 
OE CE 


2 

x 
Wi, 
O 


Figure 2.5 ROM subsystem block diagram. 


The 32KB ROM is a high speed 250ns access device. Early 
products consists of four 8KB device further divided by a 
LS138 and functions exactly the same as the 32KB ROM. 
For details on ROM specification, please refer to the semi- 
conductor memory data sheets. 
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RAMDOM-ACCESS-MEMORY RAM 
SUBSYSTEM 


The RAM subsystem includes eight 64K bit X 1 dynamic 
RAMs, RAM address buffers and RAM block decode logic. 
RAM address multiplexing is done inside the video and 1/0 
controllers, Figure 2.6 shows the RAM subsystem block 
diagram. 


— 


RAS TTL oO 
Delay - |S 
{ line pO a: 
RAM Decoder o aroha a laleaiatahrianiaial 
SS S | {Din 
“” Optional 64K X 8 
RAM Block 


RAM Block 


Figure 2.6 RAM subsystem block diagram. 
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RAM with access time of 150ns are used. Cycle timing of 


RAM must be less than 270ns. RAM data will be valid 50ns 
before each CPU clock edges. For details of RAM specifi- 
cation, please refer to 4164 data sheets from semi-conductor 
manufacturers. Figure 2.7 gives some important RAM 
timings: 


= — Lf L__J 
=a -K— 

RAM ADRESS ——( ROM X COLUMN )—{ ROM X COLUMN ) 
foray} “0mm 


po 


DATA BUS 


Figure 2.7 dynamic RAM timing 


MASTER TIMING GENERATOR 


All system timing are referenced to a 14.000MHz crystal con- 
trolled timing generator which provides three Basic timings: 
F4M, F14M and F28M as shown in figure 2.7 below. Notice 
that the F4M has a 3:4 duty cycle. 


F4M provides timing reference for the CPU clock and all 
RAM/ROM and CPU related logic whereas F14M and its 
intermediate frequency F7M act as the video dot clock. 
F28M is used internally to generate F4M and externally for 
fine timing adjustment. 


Figure 2.8 master clock timings 
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KEYBOARD CONTROLLER 
SUBSYSTEM 


The keyboard controller consists of a single chip 8-bit micro- 
computer (8048) which is responsible for all keyboard 
scanning, encoding and debouncing. Upon each key closure, a 
flip-flop will be set by the 8048. To detect a new key de- 
pression, the 65@2A strobes the keyboard encoding by issuing 
the keyboard address and reading back the data. The above 
mentioned key flag is the MSB of keyboard data. The rest 
7-bits are the keycodes. The uP then issues another address to 
clear the keyflag. 


Hex address Function 
3C000 Read data 
30010 Clear keyboard flag 


Figure 2.9 below shows the block diagram for the keyboard 
controller section and Figure 2.10 shows the associated key 
codes. 


Figure 2.9 keyboard controller block diagram 
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FIGURE 2.10 
KEYS AND THEIR ASSOCIATED 


CODES 
KEY CTRL CTRL& SHIFT CAP.ONLY LOWER 
SHIFT CASE 
ONLY 
SPACE 20 20 20 20 20 
0) 30 29 29 30 30 
1! 31 «21 21 31 31 
2 @ 32 00 40 32 32 
3 # 33 23 23 33 33 
4 $ 34 24 24 34 34 
5 % 35 25 25 35 35 
6 ~~ 36 1E 5E 36 36 
7 & 37 2 26 37 37 
8 * 38 2A 2A 38 38 
9 ( 39 28 28 39 39 
— _ 2D OF 5F 2D 2D 
= + 3D 2B 2B 3D 3D 
[ { 5B 7B 7B 5B 5B 
1] } 5D 7D 7D 5D 5D 
3B 3A 3A 3B 3B 
‘4 97 22 22 27 27 
, < 2 3C 3C 2C 2C 
._ > 2 3E 3E 2E 2E 
/ 2? QF 3F 3F 2F 2F 
A 01 01 41 41 61 
B 02 02 42 42 62 
C 03 03 43 43 63 
D 04 04 44 44 64 
E 05 05 45 45 65 
F 06 06 46 46 66 
G 07 07 47 47 67 
H 08 08 48 48 68 


KEY CTRL CTRL& SHIFT 
SHIFT 


Lt -°eN<xS<CcaMnmaOVOZe2rxAc— 
rs 
rN 
g 


CAP.ONLY LOWER 


CASE 
ONLY 

49 69 

4A 6A 

4B 6B 

4C 6C 

4D 6D 
4E 6E 

4F 6F 

50 70 

51 71 

52 72 

53 73 

54 74 

55 75 

56 76 

57 77 

58 78 

59 79 

5A 7A 

1B 44 1B 44 

OA 0A 

08 08 

15 15 


31 


32 


KEY 


+OQOOnN OO OO PWD — O 


RETURN 
ESC 

TAB 
BREAK 


CTRL 


7F 


RUBOUT 08 2008 


1B 32 30 
1B 32 31 
1B 32 32 
1B 32 33 
1B 32 34 
1B 32 35 
1B 32 36 
1B 32 37 


CTRL & SHIFT 
SHIFT 

30 30 
31 31 
32 32 
33 33 
34 34 
35 35 
36 36 
37 37 
38 38 
39 39 
2B 2B 
2D 2D 
3E 3E 
OD OD 
1B 1B 
1C 1C 
7F 7F 


08 2008 08 20 08 
1B 32 30 1B 31 30 
1B 32 31 1B 31 31 
1B 32 32 1B 31 32 
1B 32 33 1B 31 33 
1B 32 34 1B 31 34 
1B 32 35 1B 31 35 
1B 32 36 1B 31 36 
1B 32 37 1B 31 37 


CAP. 
ONLY 


08 20 08 
1B 30 30 
1B 3031 
1B 3032 
1B 3033 
1B 30 34 
1B 3035 
1B 3036 
1B 3037 


08 2008 
1B 3030 
1B 3031 
1B 3032 
1B 3033 
1B 3034 
1B 3035 
1B 3036 
1B 3037 


INTEGRATE VIDEO AND I/O 
SUBSYSTEM 


The integrated video and 1/0 subsystem consists of 2 custom 
designed gate arrays which are responsible for all video 
memory mapping and control, memory windowing, system 
synchronization and certain I/O decoding. Additional ex- 
ternal circuits furnish the rest of the 1/0 system, namely, 
programmable sound generator, printer latch and joystick 
control. Figure 2.11 below shows the block diagram of the 
integrated video and 1/0 subsystem. 


.O. 
> 
= 
> 
+] 
Cc 


SHIFT CHARACTER 
REGISTERK | GENERATORK,—LATCHK 8 bit US Array Set 
} a TEXT/DATA 


a on 
Address 

Beeper, 

Cassette Output C —___] / 

Printer Acknowledge 

Printer Busy EXTENDED 


ADDRESS 
LINE 


Printer Strobe 


PRINTER LATC 
DATA 


sng viva 


SYSTEM 


ADDRESS 
LINE 
wire ——SS=S HIGH BIT 
ITCH ODECO- 
DER “7 | CPU ADDRESS 
LINE 
JOYSTICK BD7 ADDRESS 


VARIABLE c—SirweR 
RESISTOR 


SOUND 
GENERATOR o/P soe 
‘ AND K__| LATCH 
LoGic 


Figure 2.11 block diagram of integrate video and I/O sub- 
system 


DIRECT 
VIDEO 
DATA 


VIDEO 
TIMING 
INTERNAL 


RAM/ROM 
DECODE 
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Figure 2.12 and 2.13 list the pinout and describe the 
functions of each gate array pins. 


Figure 2.14 summarize all 1/0 address and Figure 2.15 
summarize all video screen memory mapping. 


FIGURE 2.12 GATE ARRAY 1 


PINOUT 
PINNO. PIN NAME 
1 VSS 

2 F14M 
3 F7M 

4 F4M 

5 LOADS 
6 DOTCK 
7 RGUN 
8 GGUN 
9 BGUN 
10 RAS 

11 HOVA 
12 H1VB 
13 H2VC 
14 H3VO 
15 H4V1 
16 H5V2 
17 H6V3 
18 Va Vs 


DESCRIPTION 


GROUND 
14MHz CLOCK INPUT 
7MHz CLOCK INPUT, 
SYNCHRONOUS TO RISING 
EDGE OF F14M 
4MHz CLOCK INPUT, 3 LOW: 4 
HIGH DUTY CYCLE 
NEGATIVE PULSE INPUT, 
MUST OCCUR LESS’ THAN 
250NS AFTER CPUCK 
VIDEO DOT CLOCK OUTPUT 
RED VIDEO O/P 
GREEN VIDEO O/P 
BLUE VIDEO O/P 
DRAM ROW ADDRESS STROBE 
MULTIPLEXED HORIZONTAL 
AND VERTICAL CTR 
O/P, Qo=9 O/P=HO 

”" O/P=H1 

‘" O/P=H2 

i" O/P=H3 

” O/P=H4 

” O/P=H5 

" O/P=H6 
MULTIPLEXED VERTICAL 
CTRS O/P, Qo=0, O/P=V4 
+5V INPUT 
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PINNO. PINNAME £ODESCRIPTION 


20 RAMO DRAM MULTIPLEXED 
ADDRESS OUTPUT, LSB 

21 RAM1 ” 

22 RAM2 m 

23 RAM3 m 

24 RAM4 m 

25 RAM5 m 

26 RAM6 m 

27 RAM7 “ —, MSB 

28 SWRO DISPLAY MODE SWITCH O/P 

29 SWR1 " 

30 SWT TEXT/GRAPHICS DISPLAY 
MODE SWITCH O/P 

31 SWP1 SWP1=0— PRIMARY; SWP1=1 
SECONDARY DISPLAY PAGE 

32 VSS GROUND 

33 RESET CHIP RESET, ACTIVE LOW 

34 AO ADDRESS LINE INPUT, LSB 

35 Al ” 

36 A2 ” 

37 A3 " 

38 A4 ” 

39 Ad m 

40 A6 " 

41 A7 " 

42 A8 " 


*ALLI/O ARE TTL LEVEL, lon = 400A at VoH = 2.7V 
lo. = 4mA at Vol = 0.4V 
ln =+/— 100A 


PIN NAME 


DESCRIPTION 


ADDRESS LINE INPUT , MSB 
WINDOW ADDRESS LINE OUT- 
PUT 


oe 


oe 


50/60Hz VIDEO FRAME SELECT 
DATA BUS INPUT, LSB 


TEXT/DATA BUS BD5 INPUT, 
SWT=1, TEXT; SWT=0, DATA 
INPUT 

DATA BUS INPUT 
” , MSB 

CPU CLOCK INPUT 1/2 MHz 
WHEN SWR1=0/1 

+5V SUPPLY 
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FIGURE 2.13 
GATE ARRAY 2 PINOUT 


PINNO. PINNAME DESCRIPTION 


1 VSS GROUND 

2 ROUT RED VIDEO OUTPUT, ACTIVE 
LOW TTL 

3 GOUT GREEN m 

4 BOUT BLUE m 

5 HSYNC HORIZONAL SYNC, ACTIVE 
HIGH TTL 

6 VSYNC VERTICAL SYNC, ” 

7 CBLANK COMPOSITE BLANKING, ” 

8 BGATE BURST GATE, " 

9 BD7 DATA BUS, MSB 

10 IOEN 1/O ENABLE, ACTIVE LOW 
TTL, $3C000 — 3C07F 

11 HOVA Qo MULTIPLEXED HORI- 
ZONTAL/VERTICAL CTR 
INPUT 

12 H1VB ” 

13 H2VC " 

14 H3V0 " 

15 H4V1 m 

16 H5V2 " 

17 H6V3 " 

18 V5V4 @o MULTIPLEXED VERTICAL/ 
VERTICAL CTR INPUT 

19 VDD +5V SUPPLY 

20 KEYBD READ KEYBOARD, $3C000 


*ALL I/O ARE TTL LEVEL, lon = —400A at Von =2.7V 
lo. = 4mA at Vo. = 0.4V 
lin =+/—10uUA 


PIN NO. 


PIN NAME 
KEYSTROBE 
lOSTR 
RAMOE 


TTLS 


PRBUSY 
PRSTROBE 
PRLATCH 


DESCRIPTION 


KEYBOARD STROBE _ INPUT, 
SETS, INTERNAL NEW KEY 
Flip — flop | 

1/O STROBE OUTPUT, $3CFFF 
RAM LATCH OUTPUT ENABLE, 
N.C. IN THE COMPUTER 

1 BIT TTL OUTPUT, ACCESSS 
BY $3C030 

CASSETTE OUTPUT, TTL 
LEVEL 

PRE-I/O SELECT, $3C000 — 
$3CFFF 

PRINTER ACKNOWLEDGE 
PRINTER BUSY 

PRINTER STROBE 

LATCH DATA BUS INTO 
PRINTER BUFFER LATCH 
DISPLAY MODE SWITCH INPUT 
GROUND » 

CHIP RESET, ACTIVE LOW 
ADDRESS LINE INPUT, LSB 


oe 
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PIN NAME 


A11 
A12 
A13 


ROMA11 


ROM64 


A14 
A15 


DESCRIPTION 


RE-MAPPED ROM ADDRESS 
LINE A11 
ENABLE 
ROM 
ADDRESS LINE INPUT 


UPPERMOST 64K 


vo 


m , MSB 

50/60Hz VIDEO FRAME 
SELECT 

READ/WRITE LINE 

BLUE VIDEO INPUT 

GREEN " 

RED " 

PERIODIC LOW PULSE FOR 
TIMING REFERENCE 
VERTICAL LINE CTR 


or 


Oo CLOCK INPUT 
+5V SUPPLY 


FIGURE 2.14 
SOFTWARE SWITCHES 


3C008 
3C009 
3COO0A 
3CO0B 
3C00C 
3C00D 
3CO0OE 
3COOF 
3C018 
3C019 
3C01A 
3C01B 
3Co1C 
3C01D 
3CO1E 
3C0O1F 
3C028 
3C029 


3CO2A 
3C02B 
3C02C 
3C02D 
3CO2E 
3CO2F 
3C04C 
3C04D 
3CO4E 
3CO4F 
3C050 


SET BORDER COLOUR TO BLACK 
RED 
GREEN 
YELLOW 
BLUE 
MAGENTA 
CYAN 
WHITE 

SET BACKGROUND COLOUR TO BLACK 


ENABLE MULTI COLOUR MODE 
SET TO SINGLE COLOUR MODE OF 
RED PIXELS 
GREEN 
YELLOW 
BLUE 
MAGENTA 
CYAN 
WHITE 
SET TO LOW RESOLUTION 
RGB MODE 
HIGH RESOLUTION 
HIGH RESOLUTION 
GRAPHICS MODE 
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3C051 
3C052 
3C053 
3C054 
3C055 
3C056 
3C057 
3C07C 
3C07D 
3CO7E 
3CO7F 


TEXT MODE 
PURE TEXT OR GRAPHICS MODE 
MIXED TEXT OR GRAPHICS MODE 
DISPLAY PRIMARY PAGE 
SECONDARY PAGE 
TURN OFF EMULATION 

SET EMULATION ONLY 

WRITE 1ST MEMORY WINDOW 
2ND 
3RD 
4TH 


INTERNAL I/O 


3C000 
3C010 
3C020 
3C030 
3C060 
3C061 
3C062 
3C063 


3C064 | 


3C065 
3C066 
3C067 
3C068 
3C070 
3C090 
3C1C0 
3C1C1 
3C1C2 
3C1C3 
3C1C4 
3C1C5 


READ KEYBOARD DATA 
CLEAR KEYBOARD STROBE 
CASSETTE OUTPUT 
TOGGLE SPEAKER 
CASSETTE INPUT 
BINARY FLAG 1 INPUT 
2 
3 
GAME PADDLE 1 INPUT 
2 
3 
4 
WRITE DATA TO SOUND GENERATOR 
ANALOG CLEAR 
WRITE DATA TO PRINTER 
READ PRINTER ACKNOWLEDGE 
READ PRINTER BUSY 
READ HORIZONTAL BLANKING 
READ VERTICAL BLANKING 
READ 50/60 Hz STATUS | 
READ HIGH RESOLUTION SWITCH: (SWR1) 
STATUS 


43 


44 


FIGURE 2.15 
SCREEN MAPPING 


MODE 


40 COLUMN TEXT 

80 COLUMN TEXT 

LOW RESOLUTION GRAPHICS 
RGB GRAPHICS 


DOUBLE RESOLUTION 


PAGE HEX ADDRESS 


00400 TO 007FF 
1 00800 TO OOBFF 


0 01000 TO 017FF 
1 01800 TO O1FFF 


0 02000 TO O3F FF 
1 04000 TO O7FFF 


0 04000 TO O9F FF 
1 OA000 TOOFFFF 


0 04000 TO 07FFF 
1 08000 TO OBFFF 


CHAPTER 3 


EXTERNAL BUS CONNECTIONS 


@ Unit specifications 

@ RS232 adaptor bus 

@ System bus (cartridge connector and 
internal expansion bus) 

@ Printer bus 

@ Game Paddle 

@ Keyboard connector 

@ Linear PCB connector 

@ Gate array 1 

@ Gate array 2 

@ Production specifications 
for Linear PAL board 
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UNIT SPECIFICATION 


Size : Length 495 mm 
Depth 250 mm 
Height 90 mm 


Weight : 3.9kg 


Power cable : Length: 6 feet 
Size : AWG 18 


Environment: System ON 15 to 30 C, 20% to 80% humidity 
System OFF 10 to 45 C, 20% to 80% 
humidity 

Electrical : 90 VAC to 130 VAC, 50W max, 20W without 

peripherals — 
180 VAC to 250 VAC, 50W max, 20W without 
perpherals 

Composite cable : Length : 5 feet 


Cassette cable : Length : 5 feet 
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RS232 ADAPTOR BUS 


PIN NO. 


OAOnN HOOP WN — 


PIN NAME. 


DESCRIPTION 


DATA LINE 


ve 


ve 


ADDRESS LINE, LSB 


SYSTEM GROUND 
+5V 
DATA LINE 

“  , LSB 


vr 


of 


ADDRESS LINE 


ve 


1/2 MHz CLOCK 
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PIN NO. 
26 
27 
28 


29 
30 


PIN NAME 
BR/W 
F4M 
PIOSEL 


N.C. 
+12V 


DESCRIPTION 


SYSTEM READ/WRITE 
LINE 

4 MHz CLOCK (3 LOW : 4 
HIGH DUTY CYCLE) 
DECODER OUTPUT, TTL 
LEVEL, 3CXXX 


+12V 


SYSTEM BUS, CARTRIDGE 
CONNECTOR AND INTERNAL 


EXPANSION BUS 


PINNO. PINNAME DESCRIPTION 


1 PIOSEL DECODER OUTPUT, TTL LEVEL, 
3CXXX 

2 BAO SYSTEM ADDRESSS LINE, LSB 

3 BA1 " 

4 BA2 " 

5 BA3 " 

6 BA4 " 

7 BAS " 

8 BAG " 

9 BA7 " 

10 BA8 " 

11 BAQ " 

12 BA10 " 

13 BA11 " 

14 BA12 " 

15 BA13 " 

16 A14 BUFFERED CPU ADDRESS LINE 

17 A15_ BUFFERED CPU ADDRESS LINE 

18 BR/W SYSTEM READ/WRITE 

19 BA16 SYSTEM ADDRESS LINE 

20 lOSTR ADDRESS DECODER OUTPUT, 
TTL LEVEL, 3C800 —> 3CFFF 

21 RDY CPU READY INPUT, TTL LEVEL 

22 DMA DIRECT MEMORY ACCESS, TTL 
LEVEL, NORMALLY HIGH 

23 INTOUT DAISY CHAIN INTERRUPT OUT 

24 DMA OUT DMA DAISY CHAIN OUT 


25 +5V 
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PINNO. PINNAME DESCRIPTION 


26 BA14 
27 BA15 
28 BA16 
29 BA17 
30 F28M 
31 ROM64K 
32 GND 
33 GND 
34 +5V 
35 +5V 
36 +5V 
72 +12V 
71 BDO 
70 BD1 
69 BD2 
68 BD3 
67 BD4 
66 BD5 
65 BD6 
64 BD7 
63 N.C 
62 Oo 
61 N.C 
60 0: 

59 Q3 
58 F7M 
57 BA17 


SYSTEM ADDRESS LINE 


oe 


“ _ MSB 

28MHz SYSTEM CLOCK 
ADDRESS DECODER OUTPUT, 
TTL LEVEL, ENABLE UPPER- 
MOST 64K ROM 

GROUND 

GROUND 

+5V SUPPLY 

+5V SUPPLY 

+5V SUPPLY 

+12V SUPPLY 

SYSTEM DATA BUS, LSB 


SYSTEM DATA BUS, MSB 


PHIO CLOCK (=CPU CLOCK 
WITHOUT DMA) 


PHIO 

2 MHz CLOCK FOR GENERAL 
USE, TTL LEVEL 

7 MHz INTERMEDIATE CLOCK 
SYSTEM ADDRESS LINE, MSB 


PINNO. PINNAME DESCRIPTION 
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F4M 


4 MHz CLOCK (3 LOW: 4 HIGH 
DUTY CYCLE) 
14MHz SYSTEM CLOCK 
INTERNAL ROM DISABLE 
RESET CPU AND PERIPHERAL 
DEVICES 
INTERRUPT REQUEST, TTL 
LEVEL, ACTIVE LOW 
NON-MASKABLE REQUEST, TTL 
LEVEL, ACTIVE LOW 
INTERRUPT DAISY CHAIN INPUT 
DMA DAISY CHAIN INPUT 
GROUND | 
DISPLAY MODE SWITCH STATUS, 
LOW ORDER BIT 

" HIGH ” 
DISPLAY PAGE SWITCH STATUS: 
O=PRIMARY PAGE, 1=SECOND- 
ARY PAGE. 
TEXT/GRAPHICS DISPLAY MODE 
SWITCH STATUS 
GROUND 


GROUND 
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PRINTER BUS 


PINNO. PIN NAME 


=—-==— © on O oF W 


ACK 


PR7 


DESCRIPTION 


PRINTER ACKNOWLEGE, TTL 
ACTIVE LOW 
PRINTER BUSY, TTL ACTIVE 
HIGH 
PRINTER DATA 

“ , LSB 


oe 


GROUND 
PRINTER DATA 

“ ,MSB 
STROBE PRINTER INTO 
PRINTER 


PRINTER DATA 


GAME PADDLE 


PINNO. PINNAME DESCRIPTION 


PD2 ANALOG INPUT,O— 5V 


PD? " ‘ 
PDO " " 

SWO SWITCH INPUT, TTL LEVEL, 
NORMALLY HIGH 


NOOO PWD — 
U 
O 
Ww 


0O 
op) 
= 
—_ 


SW2 m 
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KEYBOARD CONNECTOR 


PINNO. PIN NAME 


1 Y7 

2 Y8 

3 Y9 

4 Y1 

5 +5V 

6 Y2 

7 Y3 

8 Y4 

9 Y5 

10 Y6 

11 YO 

12 X0 

13 X1 

14 X2 

15 X3 

16 x4 

17 X5 

18 X6 

19 X7 

20 Y10 

21 Y11 

22 INDICATOR 
23 CTRL 

24 SHIFT 

25 CAP LOCK 
26 GROUND 


DESCRIPTION 


Y-LINE OF KEYBOARD 
MATRIX 


ve 


ve 


+5V SUPPLY 
Y-LINE 


X-LINE OF KEYBOARD 
MATRIX 


Y-LINE 

Y-LINE 

CAP-LOCK INDICATOR 
CONTROL KEY 

SHIFT KEY 

CAP LOCK KEY 
GROUND 


PIN NAME 


CASSETTE IN 


+12V 
GND 
+5V 

H/2 
RED 
GREEN 
BLUE 
CBLANK 
HSYNC 
VSYNC 
CPURST 


TTLS 


LINEAR PCB CONNECTOR 


DESCRIPTION 


CASSETTE INPUT, TTL 
LEVEL 


1/2 HORIZONTAL 
CHARACTER FREQUENCY, 
TTL LEVEL 

VIDEO GUN RED, TTL 
LEVEL 

GREEN VIDEO, " 

BLUE ” . ” 
COMPOSITE BLANKING, TTL 
LEVEL, ACTIVE LOW 
HORIZONTAL SYNC, TTL 
LEVEL, ACTIVE LOW 
VERTICAL SYNC, TTL 
LEVEL, ACTIVE LOW 

CPU AND EXTERNAL 
PERIPHERALS RESET 

TTL LEVEL SOUND OUTPUT 


CASSETTE OUT CASSETTE OUTPUT, TTL 


BURST 
SGCS 


GND 


LEVEL 

BURST GATE, TTL LEVEL 
SOUND GENERATOR OUT- 
PUT,150mV TYPICAL 
GROUND 
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GATE ARRAY 1 SPECIFICATION 


PIN NO. 


PIN NAME 


VSS 
F14M 
F7M 


FAM 


LOADS 


DOTCK 
RGUN 
GGUN 
BGUN 
RAS 


HOVA 


H1VB 
H2VC 
H3V0 
H4V1 

H5V2 
H6V3 
V4V5 


VDD 
RAMO 


DESCRIPTION 


GROUND 
14MHz CLOCK INPUT 
7MHz CLOCK INPUT, 
SYNCHRONOUS TO RISING 
EDGE OF F14M 
4MHz CLOCK INPUT (3 LOW : 
4 HIGH DUTY CYCLE) 
NEGATIVE PULSE INPUT, 
MUST. OCCUR LESS THAN 
250NS AFTER CPUCK 
VIDEO DOT CLOCK OUTPUT 
RED VIDEO O/P . 
GREEN VIDEO O/P 
BLUE VIDEO O/P 
DRAM ROW ADDRESS 
STROBE 
MULTIPLEXED HORIZONTAL 
AND VERTICAL CTR O/P, 
O= 0, O/P = HO 

"  O/P=H1 

" O/P= H2 

" O/P = H3 

"  —0/P = H4 

 —O/P= H5 

" O/P= H6 
MULTIPLEXED VERTICAL 
CTRS O/P,0= 0, O/P=V4 
+5V 
DRAM MULTIPLEXED 
ADDRESS, OUTPUT, LSB 


*ALL I/O ARE TTL LEVEL, lon =-400“A AT 2.7V 
lo. =4mA AT 0.4V 
lin =+/—10UA 
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PIN NAME 


RAM1 
RAM2 
RAM3 
RAM4 
RAM5 
RAM6 
RAM7 
SWRO 
SWR1 

SWT 


SWP1 


DESCRIPTION 


m , MSB 
DISPLAY MODE SWITCH O/P 


TEXT/GRAPHICS DISPLAY 
MODE SWITCH O/P 

SWP1=0 —> PRIMARY; 
SWP1=1 -—> SECONDARY 
DISPLAY PAGE 

GROUND 

CHIP RESET, ACTIVE LOW 
ADDRESS LINE INPUT, LSB 


” , MSB 
WINDOW ADDRESS LINE 
OUTPUT 


ve 


ve 


50/60Hz VIDEO FRAME 
SELECT | 
DATA BUS INPUT, LSB 


TEXT/DATA BUS BD5 INPUT, 
SWT=1, TEXT; SWT=0, DATA 
INPUT 
DATA BUS INPUT 

” , MSB 
CPU CLOCK INPUT 1/2 MHz 
WHEN SWR1=0/1 
+5V SUPPLY 
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GATE ARRAY 2 SPECIFICATION 


HSYNC 


VSYNC 
CBLANK 
BGATE 


BD/7 
IOEN 


HOVA 


H1VB 
H2VC 
H3VO 
H4V1 

H5V2 
H6V3 
V5V4 


VDD 


KEYBD 


DESCRIPTION 


GROUND 

RED VIDEO OUTPUT, ACTIVE 
LOW TTL 

GREEN m 

BLUE " 
HORIZONTAL SYNC, ACTIVE 
HIGH TTL 

VERTICALSYNC ” 
COMPOSITE BLANKING, ” 
BURST GATE, m 

DATA BUS, MSB 

1/0 ENABLE, ACTIVE LOW 
TTL, 3C000 —> 3C0O7F 

Oo MULTIPLEXED HORI- 
ZONTAL/VERTICAL CTR 
INPUT 


vo 


ve 


Qo MULTIPLE XED VERTICAL/ 
VERTICAL CTR INPUT 

+5V SUPPLY 

READ KEYBOARD, $3C000 


*ALL1/O ARE TTL LEVEL, lon =-400uA AT 2.7V 


lo. =4mA AT 0.4V 
lin =+/—10 «A 


PIN NO. 


PIN NAME 


KEYSTROBE 


lOSTR 


PRSTROBE 
PRLATCH 


SWR1 


DESCRIPTION 


KEYBAORD STROBE _ IN- 


PUT, SETS INTERNAL 
KEY Flip — Flop 
1/0 STROBE OUTPUT, 


$3C800 — $3CFFF 

RAM LATCH OUTPUT EN- 
ABLE, N.C. IN the computer 
1 BIT TTL OUTPUT, 
ACCESS BY $3C030 
CASSETTE OUTPUT, TTL 
LEVEL 

PRE-I/O SELECT, $3C000 — 
$3CFFF 

PRINTER ACKNOWLEDGE 
PRINTER BUSY 

PRINTER STROBE 

LATCH DATA BUS INTO 
PRINTER BUFFER LATCH 
DISPLAY MODE SWITCH 
INPUT 

GROUND 

POWER UP RESET 
ADDRESS LINE 
LSB 


INPUT, 
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PIN NAME 


A13 
ROMA11 


ROM64 


A14 
A15 
A16 
A17 
FSEL 


BR/W 
BIN 
GIN 


DESCRIPTION 


RE-MAPPED ROM 
ADDRESS LINE A11 
ENABLE UPPER MOST 64K 
ROM 

ADDRESS LINE 


oe 


" , MSB 

50/60Hz VIDEO FRAME 
SELECT 

READ/WRITE LINE 

BLUE VIDEO INPUT 
GREEN VIDEO INPUT 

RED VIDEO INPUT 
PERIODIC LOW PULSE 
FOR TIMING REFERENCE 
VERTICAL LINE CTR 


" _ LSB 
PHIO CLOCK INPUT 
+5V SUPPLY 


PRODUCTION SPECIFICATION 


FOR LINEAR BOARD 
(PAL VERSION) 


PERFORMANCE MEASUREMENT 


CONDITION SPEC 
Composite video 75 ohm loaded 
Output voltage 1 +/—0.1 
(Sync. tip to white) Volt 
Sync. tip d.c. level 0.9 +/—0.1 
Volt 
Sound output 10K ohm loaded 175mVrms 
+/—3db 
TTL input (1KHz/5Vp—p) 
Speaker output 8 ohm load/max.  1.3Vrms 
volume +/—3db 


TTL input (1KHz/ 
5Vp—p) 


Cassette output 1K ohm load >? 30mVp-p 
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CHAPTER 4. 


OPERATION OF SWITCHING 
POWER SUPPLY UNIT 


@ Theory of operation 
General 
Input filter and rectifier 
Bias and switch 
Output section 
Regulation control 
Protection Circuits 


@ Production specification 


@® Alignment procedures 
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THEORY OF OPERATION 


GENERAL 


The power supply operates on the “Flyback” principle in 
which energy is stored and released in a cyclic pattern. The 
ratio of energy storage during the charging portion of the 
cycle is determined by the circuit constants. The discharging 
time, and thus the amount of energy delivered to the load Is 
determined by the load requirement. 


Essentially the power supply consists of five functional 
blocks: Input filter and Rectifier, Drive and Switching 
element, Regulation control, Output section and Protection 
circuit. 


INPUT FILTER AND RECTIFIER 


The AC input filter consists of T1, C1, C2, C3 and C5. The 
purpose of this circuit is to filter out 2OKHz and above 
switching noise, preventing it from being transmitted back 
out the input line. The fuse F1 is included to protect the PC 
Board traces and to reduce fire and personal harzard in the 
event of catastrophic supply failure. In-rush current limiting 
is accomplished with resistor R1. D1-D4 forms a bridge 
rectifier which converts the AC supply voltage into DC 
voltage. The energy is then stored in capacitor C6. 
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BIAS AND SWITCH 


Q1 is the switching element which is driven by Q2 and Q3. 
RC network C7 and R3 forms a snubber network that 
absorbs harmful voltage spike. The transformer is so phased 
to form a blocking oscillator. D5, C9, R4 forms a DC biasing 
network for the switch Q1. 


OUTPUT SECTION 


Each output voltage is developed from the transformer out- 
put through a single diode rectifier feeding a capacitor input 
filter. 


REGULATION CONTROL 


1) 


2) 


Error Amplifier 

The +5V and +12V output is sampled by RY, R18, R13 
and is compared to a reference voltage source consists of 
R6, R7, R8, VR1 and 21. The output of error amplifier 
Q4 drives the opto-islator OC1 which in-turn drives Q3 
through modulator network. 


Modulator 

The R.C.D. network D7, D6, R14, R15, C10, C21, forms 
a modulator. The primary ramp current and the output 
of the opto-isolator is processed by the modulator to 
adjust the turn off point of the switch Q1. 
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PROTECTION CIRCUIT 


1) 


2) 


Overcurrent Protection 

lf a secondary output is shorted, the primary current, 
thus the voltage across R5 increases, this causes Q3 to be 
immediately driven into saturation, thus cutting off Q1. 
The protective ‘burping’ action is repeated far as long as 
the short remains. 


Over voltage protection | 

Over voltage protection for the loads is provided by SCR, 
and Z2. The +12V output is monitored via the anode of 
SCR1, the +5V output via Z2 in the gate circuit. An over- 
voltage condition in either output will cause SCR1 to 
fire, Simulating an overcurrent condition. This ’’Crow- 
bar” effect initiates the overcurrent protection circuit 
described above. 


YOLVI0SI -01d0 


yOLVINGOW 


. JVAIOS 


: 7 
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PRODUCTION SPECIFICATION 
FOR THE COMPUTER'S 
SWITCHING POWER SUPPLY 


A. Output Voltage 
V01 = 4.80V—5.20V 
V02 = 11.40V—12.60V 
for Conditions (a) — (f) 


AC 110V/220V 50Hz (*) input 


a) 101 =1.0A 102 =0.5A 
b) 101 =3.0A 102 =0.5A 
c) 101=1.0A 102 = 1.5A 
‘d)101=3.0A 102 = 1.5A 
e) 101 =1.0A 102 =0A 
f) 101 =3.0A 102=0A 
B. Ripple 


Rvo1 =< 100mV pp 
Rvo2 =< 200mV pp 


for Condition AC 110V/220V 50Hz (*) input 
101=3.0A, 102=1.5A 


C. Short Circuit Output Current 


Is1 =< 3.0A 
Is2 =< 1.5A 


for Condition AC 110V/220V 50Hz (*) input 


D. Overvoltage Protection Threshoid 
V01 = 6.25V +/—0.75V 


E. Dielectric Test 
2100 VDC for 110V version 
2100 VDC for 220V non-VDE version 
3000 VDC for 220V CDE version 


between (a) Case and primary 
(b) Secondary and Primary 


Cut off current at 0.5mA, 60 seconds 


F. Efficency 


?= 70% at 101 = 3.0A, 102 = 1.5A 


G. Operation Voltage Range 


V01 = 4.8V—5.20V 
V02 = 11.40V—12.60V 


for AC 110V/220V 50Hz (*) input 


and 101 = 3.0A 
102 = 1.5A 


* :110V for 110V models, 220V for 220V models 
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THE COMPUTER’S SWITCHING 
POWER SUPPLY ALIGNMENT 
PROCEDURE 


CONDITIONS 

AC 110V 50Hz for 110V model 
AC 220V 50Hz for 220V model 
V0O1 at 1.0A 


VO2 at 1.5A 
ALIGNMENT PROCEDURE 


Adjust VR1 so that 


V02 = 11.40V 
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CHAPTER 5 


PERIPHERAL DATA 


@ Keyboard electrical 
and mechnaical specs 


@ Printer cable pin assignments 
Installation and test procedure 


@ Joystick connector signals 
memory locations and installation procedures 
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THE COMPUTER’S KEYBOARD 
SPECIFICATION 


aah 


ELECTRICAL SPECIFICATION 


Full 81 key array 

Numeric key pad plus 4 cursor control keys 

Eight user definable function keys 

Single chip microcomputer (8048) as keyboard controller 

Automatic repeat. Repeat frequency 10Hz after 0.6 sec 

key depression. 

@® ASCII Encoding 

@ N-key rollover 

@ Software cap lock with LED indicator 

@ 4 modes of operations (Unshifted, Alpha Lock, Control, 
Shift-control) 

@® Conductive rubber switching technology. Operation con- 
tact resistance less than 1.5K ohm. 

@ Insulation resistance 30V 10M ohm approx. 


N 


MECHANICAL SPECIFICATION 


Non glare keytop 

Step sculptured keytops 
Multicolor keytop 

Injection molded enclosure 

Key total travel 4mm nominal 
Pretravel 2.2mm | 

Key actuating force 60gm. 
Switch reliability 5 X 10° cycles 
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PRINTER CABLE INSTALLATION 
TEST PROCEDURE & 
PIN ASSIGNMENT. 


With the Printer Cable, you can now connect your Computer 
to any Centronics Bus printer. 


CAUTION: 


Before connecting or disconnecting TURN OFF ALL COM- 
PUTER AND PRINTER POWER. 


INSTALLATION 
1) Turn off all power. 


2) Attach the Printer Cable to the Printer socket in the rear 
panel of the computer. A polarization slot on the con- 
nector make you wouldn’t attach the cable in reverse 
side. 


3) Check to ensure that the Printer Cable is fully inserted 
and firmly attached. 


4) Connect the other end of the Printer Cable to the printer. 
Double check that it is well-connected. 


5) Turn on the computer and printer. You are now ready to 
use the advanced printing capability of the computer. 


TEST PROCEDURE 


To check whether your printer has been correctly set-up, try 
the following test. 


1) Enter the following program: 
10 PR#1 
20 FOR Il=32 TO 128 
30 PRINT CHR§(I); 
40 NEXTI 
50 PR#0 
60 END 


2) Type in RUN, ‘RETURN’, the printer will print out the 
entire range of alphanumeric characters. 


NOTE: 


For normal text printing, any type of Centronics Bus printer 
will work well with the computer. For graphics printing, a 
EPSON MxX< series, dot matrix printer or compatable printer 
is required. Refer to computer BASIC REFERENCE 
MANUAL for detail description. 
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PIN ASSIGNMENT 


1. 


NOTE NC: No Connection 


Computer side 


PIN NO. 


—“"- OAON OOP WN — 


0 


SIGNAL 


ACK 

BUSY 

DATA 1 
DATA 0 
DATA 4 
DATA 5 
DATA 2 
GND 

DATA 6 
DATA 7 


SIGNAL 


STROBE 


2. Printer side 


PIN NO. 


OOnN OOP WN — 


SIGNAL 


STROBE 
DATA O 
DATA 1 
DATA 2 
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JOYSTICK 


JOYSTICK CONNECTOR SIGNALS 


A 9-pin D-type miniature connector in the right-hand side of 
the computer provides signals required for the Joysticks. 
There are three switch inputs, called SWO—SW2, and four 
paddle inputs called PDLO—PLD3. 


PIN NO. SIGNAL DESCRIPTION 
2 +5V +5 volt power 
3 GND Signal ground 
5,8, 4,9 PDLO—PDL3 Paddle inputs 
7, 1,6 SWO-—SW2 = Switch inputs 


Joystick Connector 


The switch inputs are standard low-power schottky TTL 
inputs. It can be used to detect the status of a switch. To use 
them, connect each one to a 220 ohm pull-down resistors to 
ground and through single pole push switches to +5 volt 


supply. 


Each one of the switch input is corresponding to a memory 
location. Program can detect the status of the switches by 
read these locations. But only the high-order bit is valid in- 
formation, the other bit is undefined. For BASIC language, 
PEEK the location and check the value with 128. If the value 
is 128 or greater, the switch is on. 


The paddle inputs are connected to the timing input of type 
NE558 quadruple analog timer. It can be connected through 
a 150K ohm variable resistor to +5 volt supply and form a 
one-shot timing circuit. The time that the timer changes state 
Is proportional to the corresponding resistance, and hence to 
the position of the joystick. 


To read the paddle inputs, the program must first reset the 
timing circuit by accessing memory location $CO70 (decimal 
49264 or —16272). All the four timer is set high and then re- 
turn to low within about 3 milliseconds. 


The exact time for the timer to return to low is proportional 
to the resistance. For timer set high, a read to the appropriate 
memory location gives a value equal to or greater than 128, 
or in other words, the high-order bit set. So program can 
count the time remain high by check the high-order bit and 
hence determine the position of the variable resistor. 
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we 


JOYSTICK MEMORY LOCATION 


FUNCTION 


PDL3 


ADDRESS 

HEX DECIMAL 
$C061 49249 —16287 
$C062 49250 -—16286 
$C063 49251 —16285 
$c064 49252 —16284 
$C065 49253  -16283 
$C066 49254 —-16282 
$C067. 49255 —16281 

49264 -16272 


PADDLE INPUT RESET $C070 


Also, the BASIC function PDL can be used to determine the 
paddle position. Refer to the computer BASIC REFERENCE 


MANUAL for detail description. 


CIRCUIT DIAGRAM 


3 9 4 B 5 6 1 7 2 
GND PDL3 PDL2 PODL1 ct PPLO sv SW2 SWO +5 
Ct ) C mi D) 
= 
220 = LEFT 220 LEFT 
i: 
220 RIGHT 220 RIGHT 
150K 150K 
LEFT/RIGHT LEFT/RIG 
150K 150K 
UP/DOWN UP/DOWN 
JOYSTICK 2 JOYSTICK 1 


Note: RIGHT fire button of Joystick 1 and Joystick 2 are 
connected in parallel. 
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JOYSTICK INSTALLATION PROCEDURE 
These Joysticks offer you fast direction control and dual 


fire button facility. Now, you can get more fun from the 
computer’s entertainment programs. 


CAUTION: 


Before connecting or disconnecting TURN OFF POWER. 


INSTALLATION 


1) Turn off power. 

2) Plug the Joystick cable into the joystick connector in the 
right hand side of computer. 

3) Turn on power, a pair of Joysticks is ready for you. 


CHAPTER 6 


MEMORY MAPPING 


@ Memory windows, Window addressing & Window Updates 
@ The main memory map 

@ |/O mapping 

@ |/O device mapping 


@ BASIC reserved memory locations 
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MEMORY WINDOWS, WINDOW 
ADDRESSING & WINDOW UPDATE 


Your computer’s 6502A micro-processor can address 65,536 
(64K) bytes of memory directly. The gate arrays inside your 
computer further enchance the addressing capability to 256 
KB. Four windows of 16KB each maps part of the physical 
memory of 256 KB into 6502A logical address space. Figure 
3.1 below shows an example of the windowing technique. 


| 3 | 


MEMORY 6502A 
WINDOW PHYSICAL MEMORY MEMORY 


Figure 3.1 Window Addressing 


Thus, changing the content of the windows will map 
different 16K—BLOCK .of physical memory into 6502A’s 
memory space. Window updating is done by writing a byte 
into the window address listed in figure 3.2. Figure 3.3 shows 
an example of window update. 


Physical Address Window no 
$3C07C @ 
$3C07D 1 
$3CO7E 2 
$3CQ7F 3 


Figure 3.2 Window Address 
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Por 
| 
| | | 
DATA } $05 | x | 
| | | 
| | | 
ADDRESS | $3087C | x | 
| | | 
| | | 
| | | 

WINDOW®@ | | | $06 
l | | 


L___ pata LATCH INTO. SLAVE LATCH 
~ DATA LATCH INTO MASTER LATCH 


Figure 3.3. Window Update 


The window latches are master slave type. The lower 4 data 
bits are latched into the master latch during falling edge of 
PHIO and the master content will be transferred to the slave 
latch at the rising edge of PHIO. Figure 3.4 shows a block 
diagram for this window structure. 


BA14 


DATA 
BUS 


Figure 3.4 Block diagram of window structure. 
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The CPU address line A14, A15 routes directly to the gate 
arrays to select which 4-bit group of 4 will be outputed as 
the upper 4 system address lines. Figure 3.5 shows an 


example. 


Window 0= 1 
Window 1=3 
Window 2=5 
Window 3=E 


CPU A15,A14 WINDOWSELECTED'  BA17, BA16, BA15, BA14 


0 
0 
1 
1 


Figure 3.5 example of window addressing 


0 
1 
0 
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0 
0 
0 
1 


0 
0 
1 
1 
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1(1) 
1(3) 
1(5) 
O(E) 


MAIN MEMORY MAP 


$20000 


$10000 


BASIC INTEPRETER 
1/0 SPACE 


BASIC INTEPRETER 


64K 
EXPANSION RAM 


64K 
EXPANSION RAM 


64K 
SYSTEM RAM 


Figure 3.6 Main Memory Map 


16K 
BANK SWITCH RAM 
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Internal to your computer, you can add a 128K RAM ex- 
pansion card which occupies memory space $10000 to 
$2FFFF, and a 16K Bank switched RAM. Notice that 
address space $30000 to $37FFF has no device connected 
and is free for custom expansion. The built in enchanced 
Microsoft Basic occupies two sections. : $38000 to $3BFFF 
and $3FFFF. Between the Basic interpreter lies 4 KB of I/O 
space. Figure 3.6 shows the main memory map. 


110 MAP 


$3CFFF [ye 
~ BANK SWITCHED PRINTER 
- ROM 


$3CCOO 
FIRMWARE 
$3C8PP . -——— 
$3c700 | OPEN 
$3C600 
$3C590 SPACE 
$3490 
80 COLUMN DISPLAY 
INITIALIZATION 
$30390 FIRMWARE 
OPEN SPACE 
$3C200 
PRINTER DRIVER 
$30100 FIRMWARE 
sacogo «= |__/ODEVICE 


Figure 2.71 |/O mapping 


80 COLUMN 


DISPLAY 


FIRMWARE 
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Figure 2.7 shows the I/O mapping. Two 2KB bank switch 
ROMs houses the PRINTER and 80 COLUMN DISPLAY 
FIRMWARE. Normally both ROMs are disabled. To access 
these bank switched ROM, program must branch to the 
corresponding initialization routine located at $3C100 and 
$3C300. After execution of the initialization and driver 
routine, the corresponding bank switched ROM is turned 
on Figure 3.8 shows the correct sequence for programming 
using bank switch ROMs. Figure 3.9 gives a schematic for 
associated hardware required when additional bank switch 
ROM is to be installed. 


ENTRY 


INITIALIZATION 
FIRMWARE 
LOCATED IN MAIN MEMORY MAP 


TURN ON BANK SWITCH ROM 
( $3C100 for PRINTER FIRMWARE 


$3C300 for 80 COLUMN FIRMWARE 


JUMP INTO BANK SWITCH PROGRAM ROM 
and execute 

Turn off expansion ROM after 

execution by accessing $3CF FF 


EXIT 


Figure 3.8 sequence for accessing bank switch ROM. 
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RS LATCH 


Address 
lines 


Oo 


lOSTR 


Figure 3.9 supporting hardware for bank switch ROM. 
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1/0 DEVICE MAPPING 


Memory space $3C000 to $3CO7F houses the Input/Output 
devices such as sound generator, memory windows, joystick 
electronics, keybaord data etc. Figure 2.14 shows all the 
SOFTWARE SWITCHES location and internal I/O device 
mapping. 
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@ Used by the BASIC interpreter 


Figure 1 
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CHAPTE nf 


THE SYSTEM KERNEL 


e@ System kernel overview 

@ Entering the kernel 

@ Communicating with the kernel 

@ Examining memory 

@ Examining some more memory 

e Altering memory contents 

@ Moving a range of memory 

@ Comparing two ranges of memory 

@ Saving the contents of a memory range on tape 
@ Reading back a memory range from tape 
@ Other kernel commands 

@ Leaving the kerne! 


@ Asummary of kernel commands 
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SYSTEM KERNEL OVERVIEW 


Residing deep inside the computer’s read-only memory 
(ROM) is a supervisory program called the Kernel (in some 
computers, it is called the Monitor). It serves as a link 
between the system hardware and the high level languages. It 
is used whether you are programming in machine language, 
BASIC, PASCAL or almost any other language. Without it, 
you could not get information into or out of the computer. 
The keyboard, text display, cassette, and disk drives would 
all become inactive and unusable. 


You can use the Kernel via keyboard commands. Some 
reasons for doing this would be to look at one or more 
memory locations; to change the contents of a location, or 
to write programs in machine language to be executed direct- 
ly by the computer’s microprocessor — the 6502A. Most of 
the time you wilf find no need to use it, but the Kernel has 
some functions which you may find handy at some time. 
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ENTERING THE KERNEL 


The Kernel program of computer starts at memory location 
$FF69 ($ stands for hexadecimal). So, a subroutine call to 
$FF69 will bring you there. In BASIC, the interpreter does 
not recognize hexadecimal numbers and you should type in 
the following command in order to get into the Kernel. 


CALL —151 or CALL 65385 


65385 is actually the decimal equivalent of $F F69. 


COMMUNICATING WITH THE 
KERNEL 


Once you have entered the Kernel, you will see the prompt 
(*) and cursor appearing at the left edge of the screen. This 
indicates that the Kernel is now waiting for your input line. 
As in BASIC, the Kernel will not respond to any command 
unless you press the (RETURN) or the (ENTER) key. Each 
input line to the Kernel may consist of up to 255 characters. 


How do you type commands into the Kernel? The Kernel 
recognizes over ten different COMMAND CHARACTERS, 
which in appropriate context specify WHAT action is to be 
taken. In many cases, merely a command itself is neither 
complete nor grammatically correct, unless additional in- 
formation in the form of ADDRESS or DATA is also 
supplied. Address and data typed into the Kernel are always 
treated as hexadecimal numbers. 


In the computer, the address of every memory location is 
numbered with four hex digits, and the content of each 
memory location is recresented by two hex digits. When the 
Kernel looks for an address, it is actually looking for a group 
of four hex digits. If an address has been typed with less than 
four digits, the Kernel will assume the hex digit group come 
with leading zero (s). If an address contains more than four 
hex digits, the Kernel will truncate the number and only 
accept the last four hex digits as an address. The same 
procedure is followed when looking for two-digit data values. 
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EXAMINING MEMORY 


EXAMINING THE CONTENTS OF A MEMORY LOCATION 


Type in the hexadecimal address of the location you want to 
see, following by the (RETURN) or (ENTER) key, as in this 
example: 

*DOOO (RETURN) 


Remember that any number typed into the Kernel is 
ALWAYS treated as a hexadecimal number WITHOUT any 
special designation preceding or following it. 


The Kernel responds by displaying the contents of that 
location: 
DOOO=6F 


EXAMINING SOME MORE 
MEMORY 


Let’s say you examined the single address $DOOO, as in the 
example above, and you want to look at the next higher 
locations in memory. You do not have to examine them one 
by one, as this would be quite time consuming. Instead, you 
can press (RETURN) or (ENTER) and the Kernel will 
respond with one line of a memory dump, as shown below: 
*DOOO (RETURN) 

DOOO= 6F 

*(RETURN) 

DOO1=D8 65 D7 F8 DC 94 D9 


The contents in memory locations $DOO1 to $D007 have 
been shown with a simple (RETURN). One more (RETURN) 
will cause the Kernel to produce one more line of memory 
dump. 


*(RETURN) 
DOO8= B1 D8 30 F3 D8 DF E1 DB 


From the above examples, you should have noticed several 
things about the format of a memory dump. First, a 
memory dump always begins with the address of teh location 
FOLLOWING the last referenced location (the reference may 
be in the form of contents-examination or others). Secondly, 
memory dump always begins with an address which ends in 
either zero or eight (i.e. XXXO or XXX8). Thirdly, in 40 
column text mode as in the above examples, there are never 
more than eight values displayed on a memory dump; while 
in 80 column text mode, there are never more than sixteen 
values displayed on a single line in a memory dump. 
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ALTERING MEMORY CONTENTS 


ALTERING THE CONTENTS OF A MEMORY LOCATION 


Type in the hexadecimal address of the Icoation you want to 
alter, followed by a colon (:), then the two-digit hexadecimal 
number you intend to write into that location, and press 
(RETURN) or (ENTER) to inform the Kernel. For example: 
*6000:13 (RETURN) 


places the number $13 into memory location $6000 and 
overwrites the original value. To check the result, you should 
type: 

6000 (RETURN) 

and the Kernel should respond with 

6000= 13 


If, instead of $13, a different value was shown, then some- 


thing must have been wrong, a typing error, for example, and 
you had better try again. 


ALTERING THE CONTENTS IN CONSECUTIVE MEMORY 
LOCATIONS 


To change the contents in consecutive memory locations, 
you don’t have to press an address, a colon, and a value for 
each location. The Kernel allows you to change the contents 
of up to 85 consecutive memory locations at a time. To do 
this, you first type in the starting address of the memory 
range. Next, use the colon to indicate to the Kernel that this 
is a memory alteration command. Finally, enter the data you 
want at each consecutive location, seperating them by a 
space. For example, to place the quantities $00 through $09 
in address $6009, enter: 

*6000:00 01 02 03 04 05 06 07 08 09 (RETURN) 


Again, it is good practice to check these memory alterations 
if you want the final product, whether a graphics shape table 
or a series of machine language instructions, to be correct. To 
do this you will have to use the memory examine commands 
described earlier in this chapter. 


Finally, a few words about memory alteration, only contents 
in RAM (which stands for RANDOM ACCESS MEMORY) 
can be changed. Contents in ROM cannot be altered. In 
the computer, the memory banks can be moved around by 
accessing certain soft switches. So, it is quite difficult to say 
strictly where are the RAMs and where are the ROMs. Never- 
theless, in most cases, the following assumptions can be 
made. 


- (1) From $0000 to $BFFF (a 48K range) are RAMs. 

(2) From $C0O00 to $C7FF (a 2K range) are Input/Output 
locations. 

(3) From $C800 to $FFFF (a 14K range) are ROMs. 
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MOVING A RANGE OF MEMORY 


The MOVE command allows you to move a whole memory 
range to a new location. To do this, you must supply the 
following information to the Kernel: 


(1) the source start address (i.e. where to move memory 


from) 

(2) the source end address (i.e. the last address you want to 
be moved) 

(3) the destination address (i.e. where you want to move 
memory to) 


The format of the command looks like: 
(Destination) < (starting address). (end address)M 


As with other Kernel commands, all addresses are hex- 
adecimal numbers. For example, the command: 
*4000 < 2000.3FFFM (RETURN) 


moves data to address $4000 (the destination address) from 
the block starting at $2000 (the source start address) and 
ending with $3FFF (the source end address). If you are 
familiar with the memory map of the computer, you may 
probably realize that the above example can be used to copy 
the picture in HGR1 to HGR2. 


Normally, when you specify addresses in the move memory 
command, te source start address should be equal to or less 
than the source end address. Otherwise, only the first byte 
from the source range will be moved to the destination. 


When the address of destination is inside thé source range, 
the MOVE command becomes the FILL command, in which 
one or more bytes of data are repeatedly written into con- 
secutive memory loactions. Suppose you want to place zeros 
in the memory range $6000—$6FFF, you may first place 
zeros in the start location by means of the ALTER MEMORY 
command: 

*6000:00 (RETURN) 


Now comes to the second step which makes use of the 
MOVE command: 


(1) set the destination address to be one greater than the 
last byte of the pattern (in this example it would be 


$6001) 


(2) set the source start address to the beginning of the 
pattern ($6000 in this case) 


(3) set the source end address to the last byte which you 
want fill (S6FFF) MINUS the length of the pattern you 
want to fill memory with (in this example, the length is 
one, so it gives $6F FE) 


*6001 <6000.6FFEM (RETURN) 
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You can check the result by examining the addresses $6000 
through $6FFF and seeing whether they are indeed filled 
with zeros. 


As another example, the following Kernel commands will fill 
memory from $6000 through $6FFF with the four-byte 
pattern: 

$00, $11, $22, $33 


*6000:00 112233 (RETURN) 
*6004 <6000.6FFBM (RETURN) 


Once again, you may examine memory from $6000 through 
$6FFF to verify that the pattern repeatedly occurs in this 
block. 


COMPARING TWO RANGES OF 
MEMORY 


The VERIFY command of Kernel compares two blocks of 
memory against each other, noting differences between them. 
Its format is nearly the same as for the MOVE memory com- 
mand, except the last item which is now the letter V, instead 
of M. 


(Destination) < (starting address). (ending address) V 


Here is an example: 
*2000 <4000.5FFFV (RETURN) 


This instructs the Kernel to start comparing data at address 
$2000 against address $4000, and to continue the com- 
parison until address $3FFF is compared with $5FFF. 


In case the Kernel finds discrepancy during the comparison 
process, it will dislplay the source address where discrepant 
value was found and the disagreeing values. If there is no dis- 
crepancy, nothing will be shown. Note when discrepancy 
happens, the displayed address is an address in the SOURCE 
memory range. For instance, in the example above, assume 
there is a discrepancy and the Kernel displays: 

*4345= 00 (FF) 


This message shows that source address $4345 contains $00, 
while its relative counterpart ($2345) contains $FF. 


As in the case of MOVE, if the ending address of the source 
range is less than the starting address, only the first bytes of 
the source and destination data blocks will be compared. 
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SAVING THE CONTENTS OF A 
MEMORY RANGE ON TAPE 


To save memory on tape, use the Kernel’s memory WRITE 
command. You have to inform the Kernel the beginning and 
ending addresses of the memory range you intend to save. 
The command format is shown below: 

(start address). (end address)W 


For example, the command: 

*2000.3F FFW 

tells the Kernel to write the contents of memory locations, 
starting at $2000 and ending with address $3FFF, to the 
cassette recorder. 


The memory write command cannot check a recoder is in 
RECORD mode or whether the tape recorder is actually 
connected to the cassette port; or the tape is free from 
jamming, dropouts, and other problem which are inherent in 
using tape cassettes. 


When you press (RETURN) to execute a tape WRITE com- 
mand, your computer will first write a reference tone onto 
the tape which lasts for about 10 seconds. Then data are sent 
out to the cassette output port at a rate of approximate 210 
characters per second. After the memory write command has 
finished, the computer beeps once and the Kernel prompt 
appears again. 


READING BACK A MEMORY 
RANGE FROM TAPE 


To retrieve data stored on tape with the WRITE command, 
you can use the Kernel’s READ command. You should enter 
the starting address to which data from the cassette tape 
should begin loading followed immediately by a period, then 
the ending address (where the last byte of data read from 
cassette will be stored), and lastly the letter R. 

(start address). (end address)R (RETURN) 


Unlike the WRITE command, the memory READ command 
forces the computer to wait until it encounters the reference 
tone from the cassette recorder. So, if there is no signal 
present on the tape, your computer will lock in the READ 
process endlessly. Before you press PLAY on the cassette re- 
corder, make sure you position the tape to where the 
reference tone begins. You can tell the difference between 
the reference tone and the actual data on the tape by listen- 
ing to it. The reference tone is a steady, medium-pitched 
note while actual data sounds like random noise. 


Be sure to adjust the cassette recorder playback volume 
before using the memory READ command and do not press 
the (RETURN) key too hastily, let the tape play for three or 
four seconds first to let it comes to steady. 
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Note that when using the READ commad, the range of 
memory contents on tape does not need not to be read back 
to the same range of locations where it has been saved; how- 
ever, the amount of data read must be equal in LENGTH to 
the previous memory WRITE. For example, if you save the 
data in HGR1’s memory on tape first: 


*2000.3F F FW 


Later, you can use either: 

*2000.3FFFR (RETURN) to load them back to HGR1, or 
use 

*4000.5FFFR (RETURN) to load them back to HGR2, but 
*4000.4FFFR (RETURN) will not work correctly, and an 
error message will be displayed on the screen. 


OTHER KERNEL COMMANDS 


In previous sections, we have talked about the frequently used 
Kernel commands. Now, it comes to the lesser used ones. 


DIVERT OUTPUT FROM SCREEN 


Normally, all outputs from the computer are sent to the 
screen. If you want to change that (e.g. divert all output to a 
printer), you can type: 

n(CTRL)P (RETURN) 

where n is a number from 0 to 7. 


When using this command, be sure that beginning at $Cn00, 
there is a control program to receive and control the outputs 
from the computer, which may be in the form of a printer 
driver, or a RS—232 firmware, etc. Otherwise, your computer 
will lock up and the only way to recover from this condition 
is to press RESET. 


With a stand alone computer main unit, you can type 
1(CTRL)P (RETURN) to send characters to a printer. To 
select the computer’s screen as the console output device, 
type O(CTRL)P, followed with a (RETURN). 
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DIVERT INPUT FORM KEYBOARD 


As in the case of output, you can use the Kernel command 
n(CTRL)K to accept input from a device other than the 
computer keyboard. To return control to the keyboard, use 
O(CTRL)K. 


Again, make sure that in $Cn00, there is a program to handle 
the input to the computer before using this command. 


THE GO COMMAND 


The GO command can be used to transfer control of the 
computer to a machine language program at an address you 
specify. The format of this command is: 

(address)G (RETURN) 


For example, EOQOQOG, followed with a RETURN, instructs 
the Kernel to jump to address $E000 in memory and pass 
program control to the machine language instruction located 
there (in this case, it is a BASIC cold start). 


THE USR COMMAND 


If you type (CTRL)Y in the Kernel, the 6502A CPU will 
jump to location $3F8 to start executing instructions. There 
is enough room at location $3F8 for one machine language 
jump insturction. If you have a special machine language pro- 
gram somewhere in memory, (CTRL)Y could initiate a jump 
to it via location $3F8. 


The example below shows how to set up (CTRLY)Y to start 
booting the disk drive without typing the familiar 6(CTRL)P 
command. 


*3F8:4C 00 C6 (RETURN) 


Now try (CTRL)Y (RETURN) and you should see the drive 
boot up. 


SETTING DISPLAY MODES 
To convert all the computer’s output on the screen in inverse 
video, enter the inverse video command | (RETURN). This 


will reverse the character and background colours. 


To recover from inverse video, enter the normal video com- 
mand N (RETURN). 


121 


122 


LEAVING THE KERNEL 


There are three ways to leave the Kernel and put you back 
in BASIC: 


(1) (CTRL)B (RETURN) puts you back in BASIC with a 
cold start(i.e. any program or variables that you had 
previously in BASIC will be lost). 


(2) (CTRL)C (RETURN) puts you back in BASIC with 
your program and variables remains intact, i.e. a warm 
start. 


(3) 3DOG (RETURN) returns you back to the disk 
operating system you were using, with your program 
and variables intact. 


SUMMARY OF KERNEL 
COMMANDS 


Examining memory 

(adrs) 

Displays the contents in (adrs). 

(RETURN) 

Displays one line of memory contents of the locations 
following the last examined location. 


Altering the contents of memory 

(adrs) : (val) (val) ..... 

Stores the values specified into the consecutive memory 
locations starting at (adrs). 


Moving and comparing the contents of memory 

(dest) ((start). (end)M 

Copies the contents in the range (start). (end) into another 
range starting at (dest). 

(dest) ((start). (end)V 

Compares the contents in the range (start). (end) to another 
range beginning at (dest). 


Saving and loading information via cassette tape 

(start) . (end)W 

Writes the contents within the memory range (start) . (end) 
onto the tape. 

(start) . (end)R 

Reads the values stored on tape, placing them into the 
memory locations beginning at (start) and ending at (end). 
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Running machine language programs 

(adrs)G 

Transfer program control to the machine language program 
beginning at (adrs). 

(CTRL)Y 

Transfer program control to the machine language program 
beginning at memory location $3F8. 


Divert input and output 

(n) (CTRL)P 

n ranges from O through 7. When n=0, the output device is 
assigned to the screen. When n is not 0, the output control is 
passed to a routine beginning at $Cn00. The new output 
device receives characters via this routine. 

(n) (CTRL)K 

Similiar to (n) (CTRL)P, but this time, input control is 
diverted. When n=0, the input device is assigned to the key- 
board. 


Change display mode 

| 

Set inverse display mode. 
N 

Set normal display mode. 


Enter or re-enter BASIC 

(CTRL)B 

Enter BASIC with a cold start (i.e. erase the current program 
and data) 

(CTRL)C 

Re-enter BASIC with a warm start (i.e. let the current pro- 
gram and data intact). 


CHAPTER 8 


MACHINE LANGUAGE 
SUBROUTINES 


@ Exploring the kernel 
® Special locations used by the kernel 


® |mportant kernel routines 
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EXPLORING THE KERNEL 


In this chapter, we will explore the Kernel of the computer 
revealing the functions of its important subroutines, and ex- 
plaining the significance of some special locations used by it. 
This serves two main purposes. First, machine language pro- 
grammers can find useful Kernel subroutines to be called for 
their own application programs. Secondly, interested users 
who want to know more about the internal working 
mechanism of their computer can retrieve the necessary 
relevant information. 
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SPECIAL LOCATIONS USED BY 
THE KERNEL 


$20 : WNDLFT 


This location holds the leftmost column position in the text 
window. In 40 column text mode, this number ranges from 0 
to 39 ($27) while in 80 column text mode, it ranges from 0 
to 79 ($4F). Normally, this location stores O for the extreme 
left side of the screen. 


$21 : WNDWTH 


This location holds the width, in columns, of the text 
window. It ranges from 1 to 40 in 40 column text mode and 
from 1 to 80 in 80 column text mode. Normally, this 
location stores either 40 (in 40 column text mode) or 80 (in 
80 column text mode). 


$22 : WNDTOP 


This location stores the number of the top most line of the 
text window. Its range is from 0 to 22. Normally, it contains 
0, indicating the topmost line of the screen. 


$23 : WNDBTM 


This location stores the number of the bottom most line of 
the screen plus one. Its range is from 1 to 24. Normally, it 
contains 24 (i.e. the bottom most line of the screen). 


Changing the contents in the above locations can alter the 
format of the text window. One thing you should notice is 
that : in many cases, when you alter the value of WNDLFT, 
you have to alter the value in WNDWTH in order to make 
sure that (VWNDLFT + WNDWTH) is smaller than 40 in 40 
column mode; and smaller than 80 in 80 column mode. 


$24 : CHORZ 


This location holds the displacement from WNDLFT to the 
cursor position (i.e. the position where the next output 
character will be placed on screen). It ranges from O to 
(WNDWTH-—1). 


129 


130 


$25 : CVERT 


This location holds the displacement from THE TOP OF 
THE SCREEN (not WNDTOP) to the cursor position. It 
ranges from 0 to (WNDBTM—1). 


Figure 1 helps you to understand the meanings of the 
memory locations mentioned above. 


$32 : INVFLG 


This is a mask byte used by both the KERNEL and the 
BASIC interpreter to cause characters displayed on screen to 
appear as normal (INVFLG=$FF), reversed (INVFLG=$3F), 
or blinking (INVFLG=$7F) characters. Its content is normal- 
ly $FF. 


When Kernel writes a character onto the screen, it performs a 
bit to bit AND operation between this flag and the character 
code of the character to be displayed (whose MSB=1). 


When BASIC writes a character, it performs a bit to bit OR 
between the character code and another flag called FLASH 
first. The ORed result is then sent to the Kernel’s display 
routine, where the result will be further ANDed with . 
INVFLG. The FLASH flag contains $00 for normal character 
display and holds $40 for blinking display. 


131 


132 


$33 : PROMPT 


This location stores the ASCII code (with MSB=1) of the 
prompt character which is to be displayed onto the screen 
whenever the computer wants a input line. In BASIC, it con- 
tains $DD (] ) while in Kernel, it contains $AA (*). 


$36, $37 : OUTSWL, OUTSWH 


These two locations contains the start address of the routine 
which is to receive and output characters to a output medium 
(which may be the computer’s screen or may be printers). 
During initialization, this pointer pair is set to point to 
MCOUT1 to send output characters to the screen. Either the 
BASIC command ‘"PR#n” or the Kernel command 
“n(CTRL)P” sets OUTSWL to $00, OUTSWH to $Cn. The 
routine at $Cn00 will then receive (in A—reg) each byte 
‘written’ through MCOUT, which is a Jump Indirect instruct- 
ion : JMP (OUTSWL). 


$38, $39 : INSWL, INSWH 


These two locations contains the start address of the routine 
which is to input a character to the computer. On power up, 
they are set to point to INKEY which gets inputs from the 
keyboard. The BASIC command “IN#n” or the Kernel com- 
mand “n(CTRL)K” sets INSWL to $00, INSWH to $Cn. The 
routine at $Cn00 is then called any time the Kernel or the 
executing program asks for an input (by calling MRDKEY or 
one of the subroutines which in turn calls MRDKEY). 


$C5—$C8 : PBANK1—PBANK4 


In the computer the 256K physical addressing space is 
divided into 16 windows (or blocks), with each window con- 
taining 16K bytes. The addressing capacity of the 6502 CPU, 
as you probably know, is 64K bytes. So, at any time, no 
more than four memory windows can be linked to the CPU. 
Four 1/0 locations : SBANK1 ($CO7C), SBANK2 ($CO7D), 
SBANK3 ($CO7E), and SBANK4 ($CO7F) are responsible for 
these linkages (or what we call — mappings). 
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By storing different values into these 1/0 locations, we can 
control which 16K logical memory of the 6502 corresponds 
to which 16K physical memory block. For example, when 
powered up, a memory configuration of 0, 1, 3, F is assigned 
to the computer: the lowest 16K logical memory ($0000— 
$3FFF) of 6502 is mapped to the first 16K physical RAM 
block ($00000—$03FFF); and the highest 16K _ logical 
memory space ($COO0O—$FFFF) of the 6502 is mapped to 
the last 16K physical memory space ($3CO00—$3F FFF) 
which contains ROM and 1/Os. 


Storing different values in these 1/0 locations can change the 
memory configuration. But once a change has been made, 
there is, unfortunately, no way to read it back as these |/0 
locations are WRITE ONLY (i.e. nonreadable). Many Kernel 
subroutines MUST know the memory configuration at every 
moment in order to carry out their functions correctly. So, 
whenever you make a change in the memory mappings, you 
must inform the Kernel by recording the change in certain 
memory locations. 


These memory locations are: PBANK1 ($C5), PBANK2 
($C6), PBANK3 ($C7), and PBANK4 ($C8). They contain 
the latest values which have been sent to the four 1/0 
locations — SBANK1 to SBANK4. 


For example, then you want to change the memory 
configuration of your computer from 0, 1, 3, F to, say, 0, 2, 
3, F. You should send $02 to SBANK2 ($CO7D), as well as 
PBANK2 ($C6). Failure to place $02 at PBANK2 will in- 
validate your change in SBANK2. 


The reason for the invalidation can be explained as follows. 

When you store $02 to SBANK2, the memory configuration 
indeed changes to 0, 2, 3, F immediately. However, when a 
character is to be written out to the screen later on through 
the standard Kernel subroutine MCOUT1, something occurs. 
The text memory area of the computer resides in the first 
16K block of the physical memory. When a character is to be 
sent to the text memory area, an instruction like STA 
or STA $1XXX may not work at some cases. This is because 
the above instructions assume that RAM block 1 is mapped 
to the lowest 16K logical addressing space of the 6502A. This 
assumption can be invalid due to the existance of SBANK1. 
So, the Kernel does its task through a harder way. It first 
maps RAM block 1 to the second 16K logical addressing 
space ($4000—$7FFF) of the 6502 by sending $00 to 
SBANK2. This causes the original physical memory block 
there (how about call it B from now on?) to be ticked out. 
After RAM block 1 has been taken in, the displayed 
character is written into a text memory location by means of 
an instruction like STA $44XX or STA $5XXX. Once 
finished, RAM block 1 should be removed in order to free 
the 16K logical addressing space to the original physical 
memory block B. This can be done by storing another value 
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into SBANK2 but how can the Kernel subroutines know who 
is memory block B? The answer is to read PBANK2. Since 
you haven't changed this location, it still contains one. So, 
RAM block 1 is brought into $4000—$7FFF, instead of 
RAM block 2. This explains why you were fail in changing 
the memory configuration from 0, 1, 3, F to 0, 2, 3, F. 


$57B : TXTMOD 


In the computer the display RAMs of 40 column text reside 
in the physical memory range $00400—$007FF while the 
display RAMs of 80 column text are in the physical memory 
range $01000—$017FF. Since writing a character on screen 
is actually a process of storing the character code into one of 
the display RAM locations, it becomes obvious that there 
must be.a way to inform the Kernel subroutines about what 
the current text mode is — 40 column or 80 column? Other- 
wise, these subroutines do not know where to release the 
character codes — into $00400—$007FF or into $01000— 
$017FF? 


The solution adopted in the computer is to store the in- 
formation into the memory location $57B (TXTMOD). If 40 
column text mode is now being activated, TXTMOD contains 
$04. If, on the other hand, the present text mode is 80 
column, then TXTMOD should contain $10. 


You should be aware of the importance of TXTMOD. Don't 
disturb it or you will see nothing (or something peculiar) on 
the screen. It might be disastrous and in some cases, if you 
are unlucky, it will destroy your programs. Even pressing the 
(RESET) button may not recover. 


$3F0, $3F1: BRKVER 


When a BRK instruction is encountered during the execution 
of a program, the 6502A CPU jumps to the BRK interrupt 
handler within the Kernel. All reigsters are stored into a set 
of zero page memory locations : $45 stores X; $47 stores Y; 
$48 stores P and $49 stores SP. The program counter stacked 
during the BRK interrupt process is also POPPED out from 
the stack. Its high order 8 bits are then stored into $3B and 
the low order 8 bits are stored into $3A. Finally, a jump 
indirect through BRKVER is executed. On system power 
up, BRKVER is initiated to contain the address of BREAK1 
(which is a routine used to print the address where the BRK 
instruction was found). 


If you have booted the disk operating system into the com- 
puter, you should alter the contents in BRKVER ($3F0). 
Otherwise, instead of showing the message "!IBREAK AT 
$XXXX”", the machine will be dead locked when it 
encounters a BRK instruction. 


$3F2,$3F3 : RESTVR 


This is the RESET VECTOR used by the Kernel for soft 
entry (i.e. the reset is caused by pressing the (RESET) button 
AFTER the machine has been powered up). For more 
details, please read the description of RESET ($FA62) in 
the next portion of this chapter. 
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$3F4 


This is the powered-up indicator. Its contents are to be Ex- 
clusive ORed with the contents of $3F3 in the RESET 
handler ($FA62). Depending on the result (i.e. whether it is 
$A5 or not), either a jump indirect via RESTVR or the 
power up initialization will be performed. Again, for more 
details, read the RESET routine. 


$3FB—$3FD : NMIADR 


When a non-maskable interrupt (NMI) occurs in the com- 
puter the 6502 CPU jumps to NMIADR, where a JMP 
instruction should be placed to pass the control to the user 
provided NMI handler. 


$3FE, $3FF : IROVER 


In the computer, the handling of an IRQ interrupt is as 
follows: 


The contents of the A—reg are stored at $45. A Jump In- 
direct via location IROVER is executed to pass the control to 
the user provided IRQ interrupt handler. The interrupt 
handler has the responsibility of clearing the '’I’’ flag on exit, 
so as to allow further interrupts. 


IMPORTANT KERNEL ROUTINES 


In the following decriptions, when we talk about a Kernel 
subroutine residing at the range $C800-—S$CFFF, you 
should be aware that this routine can only be called after 
you have enabled the expansion ROM of $C3XX. A 
standard way to do so is shown below: 


STA $CFFF ; disselect all expansion ROMs 
STA $C300 ; select the expansion ROM of $C3XX 
JSR $CXXX ; call the Kernel routine within $C800—$CFFF 


KEYIN : $C84D 


This subroutine reads a single character from either the key- 
board or the function-key definition area ($00801—$00F FF). 
On exit, A—reg contains the ASCII code of the input 
character with MSB set (i.e. bit 7=1). The ASCII code with 
MSB cleared is stored at location BYTE ($67B). X—reg is 
unaffected. Y—reg will be destroyed if a function key has 
been pressed. 


On entry, KEYIN first check KEYFLG ($00800) to see 
whether the input character should come from the keyboard 
or from the function-key definition area. If from keyboard, it 
will wait for the user to press a key, meanwhile creating a 16 
bit random number seed in RNDNOH ($4F) and RNDNOL 
($4E). You can use this 16 bit number as the base of a 
random number generator in your program. 
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If, on the other hand, the input character should come from 
the function keys’ definition area, KEYIN will fetch a 
character from this area, using the pointer pair FKEYPH 
($27) and FKEYPL ($26). If the character fetched is found 
to be the last one of a definition string (e.g. ““N’”’ string), then 
KEYIN will clear KEYFLG before return. So at the next 
time when KEYIN is called, the character will be read from 
the keyboard, instead of from the function keys’ definition 
area. 


VIDOUT : $C9F9 


This subroutine outputs a character to the screen at the 
current cursor position (remember? The cursor position is 
defined by the two zero page locations CHORZ and 
CVERT). If the character is a screen formatting control code, 
i.e. a non-displayable character, its associated function will 
be performed, without placing it into a text memory lo- 
cation. On entry, A—reg should contain the ASCII code of 
the character, with MSB=0. When exiting from VIDOUT, the 
contents in A—reg and Y—reg may be affected and the con- 
tents in X—reg will kept unchanged. 


Note that VIDOUT, as well as all other Kernel’s subroutines 
concerning character output on screen, works with no 
difference in 40 column and 80 text column modes. It knows 
when to output characters on the 40 column text and when 
to output characters on the 80 column text (still remember 
the marvellous location TXTMOD ?). 


After placing a displayable character onto the screen, 
VIDOUT examines the keyboard. If the CTRLS key is 
pressed, then VIDOUT will stop until you press another key. 
This feature is useful when you are listing a long program or 
text on the screen. You can use CTRLS to examine your pro- 
gram or text portion by portion. 


The following is a list showing all the screen formatting con- 
trol characters recognized by VIDOUT, together with their 
associated functions. 


$07 (CTRLG) : sound the bell at 1K Hz for 0.1 second 


$08 (CTRLH) : move the cursor to the left one space 
by decrementing CHORZ. If CHORZ 
goes negative, it is set to (WNDWTH-1) 
and CVERT is decremented. If de- 
crementing CVERT would take it 
above WNDTOP, CVERT will not be 
changed. 


$0A (CTRLJ) ; cause a line feed. The cursor is moved 
down one line unless this would put it 
on a line below the dislplay window. In 
this case, all the contents within the 
display window will be scrolled up one 
line, and the cursor stays on the current 
line. 


141 


$0B (CTRLK) 


$0C (CTRLL) 


$0D (CTRLM) 


$19 (CTRLY) 


$1C 
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: clear the text from the cursor position 


to the end of the screen. The character 
at the cursor position will also be de- 
leted but the cursor itself will not 
move. 


: cause a form feed. All information dis- 


played on the screen will be cleared. As 
for other format control characters, 
this does not destroy any information 
stored internally in your computer, but 
rather simply starts a new screen. 


> cause a Carriage return. Notice that here 


the cursor will be moved to the left- 
most column of the current line but its 
line position will not be changed. 


- home the cursor. This control character 


causes the cursor to be placed in the 
first row, first column WITHOUT 
clearing the screen. Notice that the. 
““HOME”’ command in BASIC actually 
sends the FORM FEED ($0C) code to 
VIDOUT (not the HOME ($19) code). 


: This moves the cursor forward one 


space on the screen without copying 
the character into the input line buffer 
(it is not the code sent when you press 
the RIGHT ARROW key on the key- 
board). 


$1D 


$IF 


ENCUR : $CBAO 


clear to end of line. This operation 
erases all characters from the current 
cursor location to the end of the 
present line. The character at the cursor 
location will also be deleted but the 
cursor itself will not move. 


causes reverse linefeed. This moves the 
cursor up one line without changing 
its column position. Once the cursor 
reaches the top of the scroll window, it 
will not move anymore. 


This subroutine, when called, save the character of the 
current cursor position (defined by CHORZ & CVERT, re- 
member?) into a temporary location TEMPA($6FB). Then, 
the character code is manipulated to form either a flashing 
character or an inversed character (which depends. on the 
character itself and what the current text mode is — 40 or 80 
column?). The character formed is then placed on the cursor 


position. 


This routine destroys the contents in the Y—reg. 
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DECUR : $CBDF 


This subroutine should be called whenever you want to re- 
cover the original character under the current cursor position 
(i.e. replacing the flashing or inversed character with a normal 
one). This routine destroys the contents in the Y—reg. 


MRDKEY : $FDOC 


This subroutine, when called, enables the cursor on screen 
first (i.e., calls ENCUR). Then it reads a single character 
through the vector pair INSWL, INSWH ($38, $39) and re- 
turns to the caller with the character code in A-—reg 
(MSB=1). It destroys the contents in the Y—reg. 


MINKEY : $FD1B 


This subroutine, normally pointed to by INSWL and INSWH, 
reads a single character by calling KEYIN ($C84D). Before 
exit, it will disable the cursor on screen (i.e., calling DECUR). 
On return, A—reg contains the character code of the input 
key, with MSB=1. 


MRDCHR : $FD35 


This subroutine, besides reading a key by calling MRDKEY, 
also allows the users to enter the ESCAPE MODE. The escape 
mode is entered by pressing the (ESCAPE) key once. Twelve 
keys then have separate meanings. When you press one of 
them, the function associated with that key is performed. 
MRDCHR will either continue or terminate the escape mode, 
depending upon which escape function has been performed. 
If in the escape mode, you press any key other than the 
twelve special ones, that keypress will be ignored and you 
will leave the escape mode. 


The twelve characters which have special meanings in escape 
mode are: 


@, A, B, C, D, E, F, G, l, J, K, M 


For a through explanation of these escape functions, please 
refer to the USER MANUAL. 
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MGETLZ : $FD67 


This is the subroutine used to request an input line. When a 
carriage return is received, it returns to the calling program. 


On exit, the input line is stored in the input line buffer (i.e. 


from $200 to $2FF) and X—reg contains the number of 
characters on that line. 


Every time MGETLZ is called, it first sends a carriage return 
and a line feed code out. Then the prompt character stored 
in PROMPT ($33) is printed on the screen, telling the user 
now the computer wants a input line. MRDCHR is called for 
inputing each character. As you type, the characters are 
echoed to the screen at the current cursor position and the 
curosr is then advanced. Meanwhile, the character codes are 
stored into the line buffer. When a carriage return code is 
encountered. MGETLZ places it at the end of the buffer, 
clearing the remainder of the screen line (How to do that? 
Simple, send $1D to VIDOUT!). 


MGETLZ can receive up to 254 characters a line. As it 
exceeds 249 characters, teh KERNEL will produce a sound 
for each character follows, as a warning to the user. If you 
type over 255 characters, the entire line will be cancelled. 
You can also cancel your input line at any time by pressing 
(CTRL)X. 


MGETLZ allows you to make corrections for your input line 
by using the two arrow keys (their uses are mentioned in the 
USER MANUAL). 


If you do not want a carriage return sent before inputing a 
line, you can call MGETLN ($FD6A). 


MCOUT : $FDEF 


This is the general character output subroutine. Before entry, 
the character to be output should be placed in A-—reg. 
MCOUT jumps to the actual character output subroutine 
(which is normally MCOUT1) through the vector pair 
OUTSWL and OUTSWH. 


MCOUT1 : $FDFO 


This subroutine, normally entered through MCOUT, is to dis- 
play the character in A-—reg onto the screen, as well as 
advancing the cursor. If the character is a format-control one 
(e.g. a carriage return), MCOUT1 will only perform the con- 
trol function, without storing the character code into a text 
memory location. This subroutine, unlike VIDOUT, supports 
inverse character display by carrying out a bit to bit AND 
function between INVFLG and the character code. Another 
special feature about this subroutine is that when a carriage 
return code is received, two control codes : first the return 
code, then the line feed code, will be sent out to the output 
device. On exit, the contents in all registers remain un- 
changed. 


SETINV : $FE80 


This subroutine stores $3F into INVFLG ($32) so as to turn 
on inverse text display. It returns with $3F in A—reg. 
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SETNOR : $FE84 


This subroutine stores $FF into INVFLG so as to recover 
normal text display. It returns with $FF in A—reg. 


F8SHOME : $FC58 


This subroutine clears the scroll window entirely and moves 
the cursor to the top-left hand corner (i.e. the HOME 
position) of the window. You should always use this 
subroutine to clear the screen. Don’t clear the screen by 
storing $A0 into $400—$7FF (or $1000—$17FF in 80 
column text) as this would erase the contents stored in 
TXTMOD ($57B). 


CROUT : $FD8E 


This subroitine sends a carriage return to the current output 
device through MCOUT. On exit, the content in A—reg equals 
$8D. 


PRBYTE :$FDDA 


This subroutine prints the contents in A—reg as two hex- 
adecimal digits to the current output device — the high nibble 
being the first digit and the low nibble being the second digit. 
The contents in A—reg will be changed. 


PRHEX : $FDE3 


This prints the contents in A—reg as a single hexadecimal 
digit. The contents in A—reg should be within the range : 
$00—$O0F. On exit, the contents of A—reg will be changed. 


PRNYX : $F940 


This subroutine prints the contents in Y—reg and X—reg as 
four hexadecimal digits. The contents in Y—reg are printed as 
the two most signigicant digits. The contents in A—reg will be 
changed on return. 


PRNAX : $F941 

This subroutine prints the contents in A—reg and X—reg as 
four hexadecimal digits. The contents in A—reg are printed as 
the two most significant digits. Again, the contents in A—reg 
will be destroyed. 


PRNX : $F944 


The content in X—reg is printed as two hexadecimal digits. 
Again, it destroys the contents in A—reg. 
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PRNSPC : $F948 


This subroutine outputs three spaces to the current output 
device. The contents in A—reg will be set to $A0 if the 
current output device is the computer’s screen. 


MBELL : $FF3A 


This subroutine asks the current output device to beep. If the 
current output device is the screen, a beep at 1K Hz for 0.1 
second will be output from the speaker. Contents in A—reg 
will be destroyed. 


ERROR : $FF2D 
This subroutine prints the word “ERROR” to the current 


output device and followed by a beep. The contents in A—reg 
will be destroyed. 


MBELL1 : $FFD9 


This subroutine produces a beep at the computer’s speaker 
(1KHz for 0.1 second). Contents in A—reg will be destroyed. 


AUDOUT : $F80C 


This subroutine receives the data stored in A—reg and send it 
to the sound generator (SN76489). 


MWAIT : $FCA8 


This subroutine causes a delay for a specific period of time. 
Approximately, the duration of the delay can be related to 
the contents in A—reg as follows: 

Delay time = (52*A? +27*A+26)/2 

where A = the value stored in A—reg 

When MWAIT finishes, A—reg contains zeros. 


MPREAD : $FB1E 


This subroutine returns in Y—reg a number which represents 
the position of a paddle. This number ranges from O to 255 
(SFF). Contents in A—reg are destroyed. Before entering 
here, X—reg should already be set up to contain the paddle 
number (from 0 to 3). 


151 


SAVE : $FF4A 

This subroutine can be called to save the contents of the 
6502A’s registers into a set of zero page locations. The con- 
tents in A and X will be changed and the decimal mode will 
be cleared. The memory locations used to store these con- 
tents are: 


$45 : stores value inA 
$46 : stores value in X 
$47 : stores value in Y 
$48 : stores value in the status register 
$49 : stores value in the stack pointer 


GETBRG : $FF3F 


This subroutine loads the contents of the 6502’s registers 
back from the memory locations mentioned above. 


MOVE : $FE2C 


This subroutine is used by the Kernel’s “‘M’’ command. The 
contents of memory from the source starting location 
(pointed to by REG1L and REG1H, i.e. $3C, $3D) through 
the source ending location (pointed to by REG2L and 
REG2H, i.e. $3E, $3F) are moved to the memory range 
beginning at the location pointed to by REG4L and REG4H 
(i.e. $42, $43). Y—reg must contain zero on entry. Contents 
in A—reg will be destroyed. 


MTSAVE : $FECD 


This subroutine is used by the kernel “‘W"’ command. A 
block of memory contents is written out to the cassette tape. 
The starting address should be stored in REG1L,H ($3C, 
$3D) and the ending address should be stored in REG2L,H 
($3E, $3F). On return, the contents in A, X, Y will all be 
changed. 


MTLOAD : $FEFD 


This subroutine is used by the Kernel’s “‘R’’ command. A 
block of data is read from the cassette tape. These data 
are then stored into a memory range. Before entering this 
routine, the starting address of this memory range should 
have already been set up in REG1L and REG1H ($3C, $3D), 
and the ending address should be in REG2L, H ($3E, $3F). 
Again, the contents in A, X, and Y will be changed on exit. 
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TEXTS80 : $F809 


This subroutine when called, turns on the 80 column text 
display by referencing the appropriate soft switches. 
Moreover, the contents in TXTMOD are set to $10, which 
tells all the Kernel’s dislplay subroutines to send characters 
to the 80 column text screen. 


The usual way to initiate 80 column text dislplay is shown 
below: 


JSR TEXTS8O0 ; turn on the 80 column text 

LDA #80 ; adjust the width of the scroll window 

STA WNDWTH ;#80 for 80 columns 

JMP FSHOME ; clear the screen and home the cursor 
position 


TEXT40 : $F806 


This subroutine can be used to turn back to the 40 column 
text display. Again, it references the appropriate soft 
switches and stores a new value (this time $04) into 
TXTMOD. 


The usual way to initiate 40 column text is as follows: 


JSR TEXT40 ; turn on the 40 column text 

LDA #40 ;adjust the width of the scroll window 

STA WNDWTH ;#40 for 40 columns 

JMP F8HOME ;clear the screen and home the cursor position 


RESET : $FA62 


A reset interrupt occurs in the 6502 CPU when the computer 
is first powered up or when you press the (RESET) button 
later. The 6502 responds to this type of interrupt by 
transfering control to the reset handling routine through a 
vector pair at $FFFC and $FFFD. In the computer this 
vector pair contains the address of RESET. So, RESET is 
the reset handling routine of the computer. 


This routine is described here so that the users know what 


happens during the reset process. It is not intended to be 
called by your application programs. 


155 


156 


Once RESET is entered, the contents in PBANK4 ($C8) are 
checked. If $OF is found in this location, the routine assumes 
that the reset is NOT caused by a power up and execution 
continues at RESET1. Otherwise, a memory configuration of 
0, 1, 3, F is initiated. The first 16K logical addressing space 
of the 6502 is mapped to the first 16K physical RAM block 
(we call it Block 0); the third 16K logical addressing space is 
mapped to the fourth 16K physical memory block (which is 
also a RAM block and we call it Block 3). After that, the 
Keyboard is read to see whether the user wants any options. 
If (ESCAPE) is pressed, 80 column text display is selected, 
instead of 40 column. If A is pressed, BASIC programs start 
at $801, instead of $1801. 


Now, it comes to RESET1. Here, normal text display 
(characters appear white on black and the background colour 
is black) is set. The sound generator is turn off. Current input 
device is assigned to the keyboard and current output device 
is assigned to the screen.The cause of the reset is checked 
again. This time we check the contents of two page three 
memory locations, instead of PBANK4. If the Exclusive 
ORed of the contents of these two locations ($3F3 and 
$3F4) is $A5, then a warm start (i.e. the reset is caused by 
pressing the (reset) button after power up) is assumed. The 
6502 goes to another memory location (whose address is 
stored in $3F2, $3F3) to continue execution. 


If, on the other hand, the result of the Exclusive OR 
operation is not $A5, then cold start (i.e. the reset is caused 
by a power up) is assumed. In this case, the logo of the 
machine is printed on the first few lines of the screen. Next, 
the RESET and BREAK vectors in page three are established 
to point to the appropriate addresses (e.g. the BREAK vector 
points to BREAK1). After this, the routine goes to check if 
there is a disk controller plugged into the main unit. If there 
is one, the control is passed to the controller to boot the 
disk. If no controller is found, the RESET vector at page 3 
is changed to $E003 (BASIC warm start entry) and the reset 
handling routine terminates by jumping to $E000 (BASIC 
cold start entry). 
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0020 
0021 
0022 


0023 


0024 
0025 
0026 
0027 
0028 
0029 
002A 
002B 
OOZE 
OO2F 
OO2F 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
o03A 
0038 
O0SC 
OO3D 
OOS3E 
OO3F 
0042 
0043 
0045 
0046 
0047 
0048 
0049 
004E 
O04F 
0067 


PAGE . 


wa 


SYSTEM KERNEL 


we ows 


{C) COPYRIGHT 
13984 : 
Ve T. L. 


weous ve 


weowe 


» 6502 


s ZERO PAGE EQUATES 


WNDLFT EQU $20 


WNDWTH EQU. $21 
WNDTOP Eau $22 
WNDBTM &QU $23 
CHORZ EGU $24 
CVERT EQU $25 
FKEYPL EQU $26 
FKEYPH EG@U. $27 
SBASL EQU $28 
SBASH EQU $29 
SBAS2L EQU $2A 
SBAS2H EQU $28 
CHKSUM EQU $2E . 
OPCODL EQU $2F 
LASTBI EQU $2F 
STOFLG EQU $31 
INVFLG EQU $32 
PROMPT EQU- $33 
SAVEX EQU $34 
SAVEY EQU. $35 
OUTSWL EQU $36 
OUTSWH EQU $37 
INGWL EGU. $38 
INSWH EQU $39 
PCL EQU 3A 
PCH EQU $3B 
REGiL EQU: $3C 
REGiH Eau $3D 
REG2L EQU. $3E 
REG2H Eau $3F 
REG4L Eau $42 
REG4H EQU $43 
acc EQu $45 
REGX Eau $46 
REGY EQU $47 
STATUS EQU $43 
STACKF EQU $49 
RNDNOL EQU $4E 
RNDNOH EQU $4F 
TXTABL EQU $67 
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0068 
o0Ccs 
00C6E 
00C7 
0o0ca 


O778 


O4FE 
OS 78 
OSFE 
O6&7E 
O6FB 
O7 7B 
0475 
O7FB 


O100 
O200 
OSFO 
OSF2 
USF 38 
OSFB 
OSFE 
4800 


EQQO 
E003 
FLiBD 
F229 
F23C 


CoVoOo 
Cco10 
coos 
Co18 
CoZo 
co28 
Cosa 


TXTABH 
PRANK 1 
PBANK2 
PRANKS 
PBANK4 


SLOT 


AVE1 


SLOT 


we ue ve ve we (fJ us ve ve se ve 


TEMPY 
TXTMOD 
TEMPX 
BYTE - 
TEMPA: 
POWER 
CHWHG 
CVWHO 


9 
se 
9 
s 
9 


STACK | 
KEYBUF 
BRKVER 
RESTVR 
USRADR 
NMIADR 
IRQVER 
KEYFLG 


s 
? 
e 
? 


BASICC 


BKGRND 
TAPEOU 
TEXTCR 
SFEAKR 


OTHER 


EQU 
Eau 
EQu 
EGU 
EQU 


$68 
$CS 
$C6 
$C7 
$CS5 


o EQUATES 


EGU 


$778 


3 EQUATES 


Eau 
EQu 
equ 


EQU 
EQU 
EQU 
EQU 


EQU 


EGU 
EQu 
eau 
EQu 
EQU 
EQU 
Eau 


‘Loc. 


ROM EQUATES. 


1/Q EQUATES 


$4FB 
$578 
$5FB 
$67B 
$6FE 
$778 
$478 
$7FB 


EQUATES 


$100 
$200 
SSFO 
$SF2 
SSF 
$3FB 
SSFE 
$4600 


SEO00 
$S$E00S 
$F 1BD 
$F229 
SF 23C 


$C000 
$C010 
$Co08 
$Co18a 
$CO20 
C028 
$COS0 


PAGE 


Cco4ac 
CO4F 
cosi 
Cos4 
cos6é 
co6o 
C064 
coé6a 
C070 
C078 
co7Cc 
Cco7D 
CO7E 
CO7F 
cic2 
cic3 
cics 
CFFF 


C300 
C303 
C30os 
C306 
C307 
C308 
C309 
C30Cc 
CSOF 


C310 
C3ii 
C312 
C313 
C314 
C315 


C316 


C317 
C3iA 
CS1iB 
C31c 
CSiE 


C321 


C30OF 
04 


CFFF 
C310 


0104 


OS 
CCS0 


FE4LA 


VZTX4&0 


“VZTXBO 


VZTEXT 
VZPAGI 
VZSELF 


TAPEIN 


FADDLO 
SONGEN 
PDLRES 
SYSTEM 
SBANK1 
SBANK2 
SBANKS 
SBANKS 
HORZSC 
VERTSC 
TWOMHZ 
ROMCLR 


e 
? 


EQU 
Eau 
EQU 
Eau 
EQU 
EQU 
Eau 
EQU 
EGU 
EQU 
EQU 
EQU 
EQU 
Eau 
EQU 
Eau 
EQU 
EAU 


ORG 


$CO4c 
S$CO4F 
$COSi 
$CO54 
$CoOS6 
$CO60 
$CO64 
$Co68 
$C0O70 
$0078 
#C07C 
$CO7D 
$CO7E 
$CO7F 
#C1C2 
#C1C3 
$Cics 
$CFFF 


$500 


»-PHASE C3500 


FAGE 1-Z 


sSOME SIGNITURE BYTES EXIST HERE 

;THEY ARE RECOGNIZED BY CP/M AND PASCAL 
sREMARKS: 
:CE/M AND PASCAL DISTINGUISH DEVICES BY 


sCHECKING CNOS AND CNO7 


meove va 


INENT 
OUTENT 


ENTER 


IORTS © 


e 
? 


ROAD 


BIT 
BVS 
SEC 
DB 

CLC 
CLV 
STA 
JSR 
RTS 


PHA 
TXA 
FHA 
TYA 
PHA 
PHP 
TSX 
LDA 
PLP 
PHA 
RVS 
IMF: 


LDA 


IORTS 
ENTER 


$90 


ROMCLR 
ROAD 


STACK+4, 


¥4+5 
10 


SIGNAT 


sENTER HERE AT THE FIRST TIME 
sBRANCH ALWAYS _ 
=FROM SECOND TIME ON 


FROM SECOND TIME ON 


sBRING C800 IN 
sMUST GO THROUGH THIS WAY 


*SAVE EVERYTHING 


s INCLUDING STATUS 

:USED TO GET A FROM STACK 
x , 

RECOVER STATUS 

;SAVE CHARACTER 

sFIRST TIME? 

s NO 


“WHO ARE YOU? 


163 


164 


C324 
C326 
C329 
C325 


C32E- 


C330 
C332 
C334 
C336 
C358 
C33A 
C33C 
CSSE 
C340 
C342 
C344 
C345 
C346 
C347 
C348 
C343 


C34A 
C34D 


C350 
C353 
C356 


‘C359: 


C358 
CSSD 
CSSF 
C361 
C363 


C365 


C367 
C368 


we ve 


BNE. 
JSR 
LDA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 
STA 
LDA 
STA 
LDA 
STA 
PLA 
PLA 
TRY 
PLA 
TAX 
PLA 


JMF 


IMP 


JSR 
JSR 
IBR 
LDA 
STA 
STA 
LDA 
STA 
LDA 
STA 
CLC 
JMP 


PAGE 


PAGE 


WHO :VISITOR? 


#¢00°° ;BASIC, NOT 
POWER ;PASCAL OR CF/M 
#2  " sINFORM BASIC THE CHANGE 


PBANKZ 

#5 GUTMED:FORM MEDIA 
INBWH 

OUTSHWH 


+ CINMED 


INS 

# (OLITMED 

OUTSWL: 
“ *RELEASE STACK 


;GET BACK CHARACTER 


MCOUTL sMEDIA ONLY 
MINKEY 


veo, 


TUGGLE ;DO INITIALIZATION 
SETUP 
TUGGLE | 
#> INENT 
INSWH 
GUTSWH 
# (INENT 
INSWU 
# (COUTENT 
OUT SW. 
“THEN DO OUTFUT 
Io. 


CSG6E 
C36F 
C372 
C375 
C376 


C377 
C378 
C37B 
CS7E 
C37F 


08 
8D 
zo 
28 
60 


o8 
8D 
20 
28 
60 


CEFF 
CBS4 


CFFF 
CBAC 


FAGE 


- DEPHASE 
ORG $36E 
-PHASE *#C36E 


468 va 


SKEEKKEKEEREEKEKREKKEREKEREKREKEHEEREREREKR EER EE EX 


? 


see* FOR RS2S2 INTERFACE USAGE KEK 
s*##* ICHRDIS: DISPLAY CHARACTER ON SCREENKE* 
;##* IENCURS TURN ON CURSOR HEE 


s#*#*% DON’T RELGCATE THE FOLLOWING CODES «*« 
SEEKER E HERE EERREE HERE REREEEREEERER EEE KE EEE 


? 
s 
? 
. 
? 
I 


CHRDIS PHP sSAVE STATUS 
STA ROMCLR ;ENABLE CS 
JSR CHRDIS ;:DISPLAY IT 
PLP sRESUME STATUS 
RTS 


ENCUR FHRE - 


STA ROMCLR :ENABLE CS 

JSR ENCUR :TURN CURSOR ON 
PLP 

RTS 

FAGE 
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166 


C800 


C800 


C8oO1 
C804 
C807 


C809 


Caec 
C80E 
C8ii 
Cai4 
C816 
ca13 
CBHiC 
C&iF 


C822 
C824 
Cé26 
C828 
C8zA 
C82c 
CB82E 
Caso 
C832 
C835 


C8S6 
C837 
Casa 
C8SA 
Cesc 
C8se 
C8SF 
C840 


293 
40 
29 


wa 


woeiwée 


Uj vs ve 


ETWND 


vwaoues 


SOMPAT 


rn 


weéeows 


we 


. DEFHASE 

ORG $800 
-PHASE s#CAa00 
pS $800, FF 
. DEF'HASE 

ORG $800 
»PHASE #C800 
RTS 

JSR WEIANK 
JSR SETWND 
LDA #8390 
STA POWER 
LDA #$A0 
STA TEMPA 
BIT VERTSC 
BMI *#-3 
LDA ‘VZSELF 
LDA VZTEXT 
LDA VZTXBO 
IMP CLSCRN 
i_DA #0 

STA WNDTOP 
STA WNDLFT 
LDA #24 
STA WNDBTM 
LDA #80 
STA WNDWTH 
LDA #SLO 
STA TXTMOD 
RTS 

Sypype 

FHA 

LDA SERASH 
EOR #640 
STA SBASH 
FLA 

PLE 

RTS 

. DEFHASE 

ORG $847 
-FHASE  ¢$C&47 
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*REFORM MEMORY ASSIGNMENT 
-SET UP SCREEN SIZE 


sSETUP ONCE IS ENOUGH 
*CLEAR TEMPA 


sCHANGE SCREEN DURING THE 
sVERTICAL RETRACE PERIOD 
STURN TO ) 

280 COLUMN TEXT DISPLAY 


“CLEAR SCREEN 


sFULL SCREEN SIZE: 24*80 


SALWAYS BE SAFE 


ch 


C847 
C84A 


caaD 
caso 
cass 
cast 
case 
casa 
casD 
ca6o 
C863 
caés 
C867 
ca69 
C8éB 
CS86D 
C870 
ca7i 
C873 
C876 
CB77 


C878 
C87B 
C&7D 
C87F 
C&ai 
C88es 
C&aé 
C889 


C8aA 
Ccaac 
C88E 
C8si 
C8935 
C3895 
C837 
C899 
C89B 
C89D 


C83E 
CS8A1 
8AS 
C8AS 
C8A7 
C8AsB 
CBAA 


4c 
4c 


CBF6 


CA97 


sIN#8 ENTRY POINTS 


-KEYINH 


KEYHAB 


POLKED 


POLRTS 


s 
? 


ESCHK 


ESCHK1 


ESCKRT 


fT] ve us 


SCHK2 


JMP 
JMP 


AND 


BLT 


ESCX 
CLREOL 


CP/M INFUT 


RAMOIN 
KEYFLG 
RAMODU 
#399 

KEY INH 


-KEYINB 


KEYHAB 
POLKBD 
#39C 
#+6 
#389 
#895 
+5, 
ESCHK 


#$7F 
BYTE 


KEYBRD 
POLRTS 
RNDNOL 
POLKBD 
RNDNOH 
POLKBD 


KEYSTR 


#4 
RNDNOH 
KEYBRD 
ESCHK2 
RNDNOL 
ESCHK1 
RNDNOH 
ESCHK1 
#895 


KEYSTR 
#3C4 
€+5 
#S9F 


#¢B0 
ESCKRT 


PAGE 1-6 


ENTRY POINT 


sCHECK FUNCTION KEY FLAG 


sGET FROM FUNCTION KEY KRUFFER? 
: YES 

TO BE CONTINUE 

sIF NO, GET FROM KEYBOARD 

s TAB? 


sVYES, USE CTRL-I 
318 IT Esc? 


sIF YES, GO ON FURTHER 
SBAVE THE CHARACTER GOT FIRST 
*PASCAL LIKES MSB=0 


*RECOVER CHARACTER WITH MSH=1 
“FOR BASIC 


sPOLL KEYBOARD UNTILL KEY GOT 


sMEANWHILE CREATE A RANDOM NO. 


sKEY GOT, CLEAR KEYBOARD 


sSET UF TIMER 
sANY KEY FOLLOWING THE ESC? 
°A STRAIGHT TIMER 


sTIME IS UF,. MUST ESC ONLY 


sCLEAR KEYEOARD 
UP ARROW? 


sYES, REPLACE IT WITH A CTRL-KEY 


“AND RETURN 
3:Q,1,2°? 


;Ik NOT, MUST BE ESC ONLY 
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CaACc 
CB8AE 
C8RBO 
CSE2 
CaaS 
C84 
cass 
C87 
C3BA 
C8EC 
Ca8BE 
caco 
C8C2 
caca 
C8acEe 
Cacs 


caca 
cacc 
cacp 
CaCcF 
capi 
C8D3 
CaD6 
capa 
CaDA 
cspc 
CADE 
CaEeo 
C8E2 
CB8E4 
CceaES 
C8E9 
CBEB 
C8ED 
caro 
cars 


C8F6é 
Cara 
C&FB 


C8FE 
C300 
C902 
C904 
C907 
C309 


C3I0B 


c390D 
c39190 
CILS 
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DO 


zo 
AQ 


20 
0g 


FKEND1 


FRKF NDZ 
FAFNDS 


FKFND& 


FRENDS 


woe 


es wt we 


KEY INE 


KEYERT 


ChF 
BGE 
AND 
ASL 
ASL 
ASL 
STA 
JSR 
CMF 
BLT 
CMF 
BGE 
AND 
ORA 


STA - 


STA 


LDA 
TAY 
STA 
LDA 
STA 
JSR 
DEC 
BMI 
INC 
BNE 
INC 
LDA 
BPL. 
BMI 
LDA 
CME 
BNE 
ISR 


JSR - 


JMP 


LDA 
STA 
JSR 


ING 
BNE 
INC 
JSR 
LDY 
LDA 
BRL 
STY 
JSR 
GRA 


#$B3 
ESCKRT 
#407 

A 

A 

A 
FKEYPL 
POLKED 
#$H0 
ESCKRT 
#*BS 
ESCKRT 
#807 
FKEYPL 
SBASZL 
SBASZH 


#BOO 


FREYFPL 
#648 

FREYFH 
RAMOIN 
SBASZL 


FKFND4. 


FKEYPL 


-FKFND3: 
FKEYPH . 


MAGE i-7 


PREPARE COUNTER 


30 TO 7? 


sCOUNTER COMPLETED 


‘sTHIS 185 FOR IN#& 


sSET UF FOINTER NOW 


sFUNCTION KEY STORED FROM $4800 


3 REACH? 


<IF NOT, INCREMENT FOINTER 


“(FKEYPL),Y 


FKFND2Z 


FKENDt. 
KEYFLG: 


‘WSEG 

FKF NDS 
RENEW 
ENCUR 
KEYIN 


“#899 


KEYFLG 


-RRAMOGU 


FKEYPL 
#+4 
FRKEYFH 
RAMOIN 
#$00 


(FKEYPL),Y 


KEYERT 
KEYFLG 
RAMOOU 
#BOOQ 


sEND OF A FUNCTION KEY? 
sYES, UPDATE COUNTER 
sHAS IN#8 HAPPENED? 


NO, GOOD! 
*-YES, GOTO BASIC 


sBEFORE EXIT, MAKE FUNCTION 
sKEY ACTIVE 


GET THE FIRST CHARACTER FROM THE FUNCTION KEY BUFFER 


sFUNCTION KEY POINTER READY 


sMOVE RAM BIOCK O° IN 


;READ KEY FORM BUFFER 
sEND OF A FUNCTION KEY STRING? 
sIF YES, DISABLE FUNCTION KEY: 
sFUNCTION KEY BUFFER AREA 
sENSURE MSB=1 


FAGE 1-8 


C91iS 60 RTS 


<u veive 


C316 AD coo0 IDWAI LDA KEYBRD ;CHECK STOF LIST 

C19 c9 93 cmp #493 :CTRL-S ? 

C918 DO OF BNE VWDONE <:IF NOT, EXIT 

C91D 20 C010 BIT KEYSTR ;IF YES, CLEAR KEYROARD 
c3z0 AD co00 VWLOOF LDA KEYBRD :WAIT FOR ANOTHER KEY 

C923 10 FB BPL. VWLOOP | 

C325 co 83 CMF #883 31S THE NEXT KEY CTRL-C? 
C927 FO 03 BEO VWDONE ;IF YES, DON’T CLEAR IT 
c929 20 Cco10 BIT KEYSTR :OTHERWISE, CLEAR KEYROARD 
C92C 60 VWDONE RTS 


ve we we 


sROUTINE *WBANK? I8 USED TO CONVERT THE. MEMORY 
sASSTGNMENT WHEN RUNNING 80 COLUMN CP4M OR PASCAL 
sNEW MEMORY ASSIGNMENT WILL BE 2,1,X,F 

;RAMO, WHICH CONTAINS THE SCREEN MEMORY OF THE 890 
;COLUMN TEXT, MUST BE OUTSIDE THE VIRTUAL MEMORY 


sAREA 
C32D AD O2 WEANK LDA #2 sCOPY BLOCK 1 INTO RAM 2 
C92F 8D CO7D STA SBANK2 
C932 AG 00 LDY #O sSAVE ZERO PAGE FIRST 
C934 BY 0000 WBANKI LDA $0,Y 
C937 99 4000 STA $4000, Y 
C93A c8& INY 
CI3B DO F7 BNE WERANK 1 
CISD 84 00 STY $00 sNOW WE CAN USE ZERO PAGE 
CISF 84 02 STY $02 sLOCATIONS 
C941 AS al LDA #301 
C943 83 O01 STA $01 
C945 .AS 41 LDA #41 
C947 85 03 STA $03 
c949 Bi 00 WREANKZ LDA ($00), VY sNOW FOR THE NON-ZERO PAGE 
C945 91 O02 STR ($02), Y ;REGION 
C94D ca INY 
CI4E DO F9 BNE WBANK2 
C950 E6& o1 INC $01 
C952 E6& O03 INC $03 
C954 AS 03 LDA $03 
C356 co 80 CMF #80 THE WHOLE 16K FINISHED? 
C958 90 EF BLT WERANK2 ;IF NOT, CONTINUE 
CISA BS 4000 WEANKS ‘LDA $4000, Y ;NOW RECOVER THE ZERO FAGE 
C95D 99 9000 STA $O,Y 
C960 ca INY 
C3961 DO F7 BNE WBRANKS 
C963 AS 92 LDA #2 sEVERY O.K., SHOT! 
C365 8D CO7C STA SBANK 1 
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C968 AI O1 LDA #1 

C3I6A AD CO7D STA SHANK 2 

C96D 60 RTS 

C3IGE 2D SUBTEL DE LOW RELL-1 :CTRL-G 

C3I6F 53 DE LOW BS-1 SCC TRL-H 

C3970 16 DB © LOW VIDRTS-1 

C371 AG DB LOW LF-1 “(STRL-J 

C372 7E DE LOW CLREOF-1 sCTRL-K 

C973 75 DE LOW CLSCRN-1 | SCTRL-L 

C374 28 DB LOW CR-1 *CTRL-M 

C975 6A DB LOW HOME-1 :CTRLI-Y 

C976 16 DB LOW VIDRTS-1 

C377 16 DB LOW VIDRTS-1 

C978 iF DE LOW ADVANC-1 

C979 396 DE LOW CLREOL-1 

C9I7A 4A DB LOW GOTOXY-1 

C37B =D DE LOW UP-1 

C37C 75 ESCTBL DE LOW CLSCRN-1. :ESC @ 

C97D iF: DB LOW ADVANC-1 sESC A 

CI7E 53 DE LOW BS-1 ‘ESC B 

CO7F AG DB LOW LF-1 sESC C 

c9a0 SD DE LOW UP-1 -ESC D 

c9a1 36 DE LOW CLREOL-1 -ESC E 

C982 7E DB LOW CLREGF-1 sESC F 

C383 6A DB LOW HOME-1 sESC G 

C984 C4 ESCTE1 DE $C4 sESC I = ESC D 

c 7a5 C2 DE $C2 sESC: J = ESC B 

C386 Ci DB $Ci :ESC .K =-ESC A 

C387 ca DB $Cca sESC L = NOF 

C3a8a8 c3 DB $C3 sESC M = ESC C 
STABLE OF SCREEN BASE ADDRESSES (LOW ORDER BYTES ONLY) 

c3a9 00 80 ADRESL DB. $00, $80 

CI8B 00 80 DEB. $00, 680 

C98D 00 80 DB $09, 880 

C9IBF 00 80 DB : $00, #80 

C991 28 AB DB: $28, BAS 

C993 28 AB DEB $25, $AG 

c3995 28 AB DB $28, AS 

C9397 28 AB DS - $26, AS 

C339 50 DO DB $50, $D0 

C39B 50 DO DE $50, $DO 

C99D 50 DO DB $50, D0 

C39F 50 DO DE $50, $D0O 


v6 we 
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c3AA 
C3SAD 
CIAF 
CSEt 
CIRS 
C3BG 
CIRg 
CIBC 
CIBE 
caIce 
c9c3 
C9Cé 


Cc39cg 
cs3cc 


C3ICF 
CIDz 
C3D4 
CIDE 
C3D7 
CIDA 
copDD 
C3DF 
CIE 
CIE2 
C9E4 
CIEG 
CIES 
CIEB 
CED 
CIEF 
COF 1 


COF4 
CSOFS 
C9FS 


C93F9 
CSFB 
C3SFD 
C3OFF 
CAG! 
CA0S 
CA0S 
CAQ7 
CAOS 
CAOE 


;FASCAL 


«a 
? 


-POORY 


FOORX 


GOTOX 


Cwe ve 


TDOUT 


VIDOU! 


» DEPHASE 


ORG 


$900 


-FHASE #C3AA 
AND CF/M OUTFUT 


LDA 
AND 
CMP 
BEQ 
JSR 


JSR. 


LDA 
AND 
BNE 
LDA 
JSR 
JME 


JSR 
JME 


LDA 
AND 
SEC 
PHA 
DEC 
LDA 
AND 
BNE 
FLA 
CMF 
BGE 
STA 
LDA 
CMP 
BGE 
STA 
JMP 


PLA 
STA 
RTS 


CME 


BLT 
GRA 
BMI 
CMF 
BLT 
CMe 
BLT 
CMF 
BLT 


POWER 
#$FC 
#330 
#45 
SETUP 
DECUR 


-POWER 


#6035 
GOXY 
BYTE 
VIDOUT 
ENCUR 


GOXYi 
FPSCORT 


BYTE 
#37F 
#S20 


POWER 
POWER 
#035 

GOTOX 


WNDBTM 
POORY 
CVERT 
TEMPX 
WNDWTH ... 
FOORX 
CHORZ 
VTAB 


TEMPX 


#O20 
VIDOUI 
#640 
STORAD 
#07 
VIDRTS 
H#$0E 
VIDCON 
#$19 
VIDRTS 
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ENTRY FOINT 


si1S IT THE FIRST TIME? 


SINITIALIZE 80 COLUMN DISPLAY 
sDISABLE THE CURSOR FIRST 
sTHEN CHECK IF I7 IS GOTO XY 


32 OR 1 IF IT 18 GOTO XY 


sIF NOT, DISPLAY THE CHARACTER 


SWHEN ALL FINISHED, TURN ON THE 


sCURSOR BEFORE LEAVING 


:GOTO WHERE? 

s SAFETY . 

SASCII TO NUMBE 

:SAVE THIS NO. FIRST 
sWHAT IS THIS NO, X GR Y? 


sit Is ¥! 
“£¥ > WINDOW BOTTOM? 
“.3.1F YES, KEEP CVERT UNCHANGED 
-SQOTHERWISE, PERFORM GOTOY 
“.sNOW FOR GOTOX 


sX >} WINDOW WIDTH? 


“sIF YES, KEEP CHORZ UNCHANGED 


SOTHERWISE, PERFORM GOTOX 
*FINIALISE GOTOXY 


“THE NO. IS Xx! 
*SAVE IT UNTIL Y GOT 


A DISPLAYABLE CHARACTER? 
sYES, THEN SET MSB=1 FISRT 
sALWAYS 

:CTRL-@ TO CTRL-F DONT CARE 
;TAKE CARE CF CTRL-G TO M 


>CTRL-E TO X ARE DON’T CARES 
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CAND 
CA0OF 
CAIO 
CAIZ2 
CAIS 
TAISG 
CA17 


cAi8a 
CAIA 
CAID 
CAz0 
CAz2 
CAZ4 
CAzE 
CcAZ8 


CALS 
CAZB 
CAZD 


CAZE 
CASO 
CAS2 
CASS 
CASS 
CASS 
CASA 
CASD 
CASF 
CA41 
CA43 


CAGE - 


CAGS& 
CA4A 


CA4B 
CA4D 
CASO 
CASS 


CAS4 
CAS6 
CASS 
CASA 
CASC 


CASE 
CARGO 
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VIDCON 


VIDRTS 


. 
? 


STORAD 
% 


ADVANC 


C} 25 vs 
a 


BELLI 
BELL?Z 


G) v* vs ve 


OTOXY 


C ws we 
aa] 


SBC 
TAY 
LDA 
FHA 
LDA 
FHA 
RTS 


LDY 


#11 


PAGE i-ii 


*-FACK THE NO. 
:USE Y AS A. POINTER TO GET THE 


#) BELL :ADDRESSES OF THE CTRL-ROUTINES 
SUBTBL-7, Y¥ 
CHORZ —~;DISPLAY CHARACTER 
CHRDIS” | 
VIDWAI ;SEE IF CTRL-S PRESSED 
CHORZ © AND ADVANCE - CURSOR 
- CHORZ 
WNDWTH ;CURSOR EXCEEDS SCREEN? 
".GRLF SIF YES, LINE FEED 
#0 sCARRIAGE RETURN ONLY 
CHORZ 
#$CO . 3;BELL THE SPEAKER AT 1KHZ FOR 
SBASZL 30.1 SECOND 
a) ‘3 8 # 64 =1024/2 
~HORZSC° sHORIZONTAL SYNC PERIOD=64uU5 
eZ 
HORZSC |: 
*-3 
WA 
BELL2 
SPEAKR ;TOGGLE THE SPEAKER 
SBASZL 9 §312*16/2=96 
RBELLi 
#$02 
POWER 
POWER 
CHORZ 
VIDRTS ;SHOULD NOT EXCEED THE LEFT EDGE 
WNDWTH ;IF PASS, GO UP ONE LINE 
CHORZ . 
CHORZ ;NATRUAL VS. INTERGER 
CVERT 
WNDTOF ;CURSOR SHOULD NOT OVER THE 


CAGES 
CAG4 
CA66 
CAGS 


CAGE 
TAGBD 
cAe.= 
CA71 
CA73 


CA76 
CATS 
CA7S 
CA7D 


CA7F 
CASI 
CABS 
CA84 
CA87 
CAB8A 
TASC 
CAB8D 
CASE 
CAIO 
CAS2 
CA94 


CA97 


CAS9 
CADE 
CASE 
CAF 
CARI 
CAAS 


CARAS 
CAA? 
CAAS 


CAAB. 


CAAD 
CAAF 
CAB2 


CABS 
CABG 
CAE7 
CABS 


Aa 


CBSF 


CBS4 
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CAZ3 


OS 


-CB4t 


OC) we ws 


LSCRN 


0) we ves 


LREOF 


CLEOP1 


SCROLL 


BLT VIDRTS 
BEG VIDRTS 
DEC CVERT 
IMF VTAB 
LDA WNDTOP 
STA CVERT 
LDA #0 

STA CHORZ 
JMF VTAB 
JSR HOME 
LDA WNDTOP 
LDY #0 

BEQ CLEOP1 
LDY CHORZ 
LDA CVERT 
FHA | 
"JSR ADRCAL 
JBR CLEOLZ 
LDY #0 
PLA 

CLC 

ADC #1 

CMP WNDBTM 
BLT CLEOP1 
Jmp VTAB 
LDY ‘CHORZ 
ENTER HERE 
-LDA #$A0 
JSR CHRDIS 
INY 

CcPY -WNDWTH 
BLT CLEOL2 
RTS 

JSR CR 

INC CVERT 
LDA CVERT 
CMP WNDBTM 
BGE +55 
IMP ADRCAL 
DEC CVERT 
LDA WNDWTH 
PHA 

CLC 

ADC WNDLFT 


nN 
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-TOP OF THE SCREEN WINDOW 
:IF NOT, WE CAN GO UP 
*ONE LINE 


370 POSITION * HOME’ 


CLEAR THE WHOLE SCREEN 
ALWAYS 


:CLEAR TO END OF PAGE 


s;CLSCRN ENTER HERE 
;CLEAR LINE BY LINE 


sSTARTING FROM THE SECOND LINE 
sCLEAR FROM THE LEFT EDGE 


sNEXT LINE 
sDOWN TO THE BOTTOM LINE? 


CLEAR TO END OF LINE 


sCLEAR = FILL WITH SPACE 
sDISPALY THE CHARACTER 


sREACH THE END OF A LINE? 
2IF NOT, CONTINUE 


;CARRIAGE RETURN + LINE FEED 


sCURSOR SHOULD NOT GO BEYOND 


sTHE BOTTOM OF THE SCREEN . 
sIF EXCEED, PERFORM SCROLLING 
sIF NOT, GOOD! 


“PREPARE FOR SCROLLING 
SAVE IT FIRST 


173 


174 


CARA 
CARE 
SABC 
CARE 


CACi 

CACS 
CAC4 
CAC7T 
CACA 
CACC 
CACE 
TAD 
CADZ 
CADS 
CAD4 
CADE 
CADS 
CADA 
CADB 
CADE 
CAE1 
CRES 
CAES 
CAE? 
CARES 
CAER 
CAEC 
CREE 
CAFO 


CAF 2 
CAF 4 
CAFS 
TAFS 
CAFA 
CAFC 
CATE 
CeO 
CHROL 
CEOS 
CEOS 
CEOS 
CEHO7 


‘CBRO9 


CBOA 
CBOC 
CBOE 
CBOF 
CE1i1i 
CBiS 
CBi4 


CB1i6 
CB18 


28 


28 


- 2A 


rsa) 
03 


Fa 


23 
04 


SCROLO 


SCROL 1 


SCROLZ 


SCROL4 


SCROLS 


TRAY 
DEY 
STY 


JSR 


LDA 
PHA 
JSR 
JSR 
LDA 
STA 
LDA 
STA 
PLA 
CLC 
ADC 
CMP 
BGE 
FHA 
JSR 
JSR 
LDY 
cry 
BGE 
LDA 
STA 
DEY 
CPY 
BPL 
BMI 


LDA 
ORA 
STA 
LDA 
oORA 
STA 
LDA 
SEC 
SEC 
STA 
TYA 
SEC 
SEC 
TAY 
LDA 
STA 
DEY 
cry 


‘BMI 


TYA 
BPL 


LDA 
EOR 


PAGE 1-135 


*NATRUAL VS. INTEGER 


WNDWTH sCREATE "NEW" WINDOW WIDTH 
RAMOIN :GET THE DISPLAY BANK IN 
WNDTOP :SCROLL TEXT SCREEN 
ADRCAL. :CALCULATE A BASE ADDRESS 
COMPAT 
SBASL 
SBASZL 
SBASH 
SBAS2ZH 

*GET THE LINE COUNT BACK 

#$O1 

WNDBTM :REACH THE LAST LINE? 
SCROLE 

*SAVE IT FOR THE NEXT CYCLE 

ADRCAL :CALCULATE THE NEXT BASE ADDRESS 
COMPAT 

WNDWTH: | 

#40 :40 OR 8O COLUMN MODE? 
SCROLS 

(SBASL),Y :MOVE UP ONE LINE 
(BBASZL),Y 
WNDLFT :ONE LINE FINISHED? 

SCROL2 .;IF NO, CONTINUE 

SCROL1 :IF YES, GO FOR THE NEXT LINE 
SBASH :DO0 SOME TRANSFORMATION . 
#04 sFOR 80 COLUMN TEXT MODE 
SBASH 

SBAS2H_ 

HOG 

SBAS2H 

WNDLFT 

#40 

WNDLFT 

#40 

(SBASL),Y sMOVE UP THE RIGHT 
{(SBAS2L),Y sHALF PAGE 

WNDLFT :ONE LINE’ FINISHED? 
~SCROLS <:1IF YES, SKIP 

SCROL4 ;AN EXACT HALF LINE GONE? 
SBASH :;INVERSE TRANSFORM 

#BO4 : 


CB43 
CB4s 
CB44 
CB4S 
CB47 
CB4A 
CB4C 
CB4F 
CBS1 
CESS 


CBS4 
CB57 
CBS9 
cBSC 
CBSF 
CB61 
CREA 
CB67 


CBEA 
CB6ED 
C70 
CB73 


AQ 


C) ve ve us 


HRDIS 


CHRDS1 
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.IF LEFT EDGE )}=40 
"WE HAVE FINISHED 
SEF LEFT EDGE (40, 


TICK DISPLAY BANK QUT 


SRECOVER WINDOW WIDTH 


SBKEAR THE BOTTOM LINE 


SPREPARE SCREEN BASE ADDRESS 


CALCULATES THE TEXT SCREEN HASE 


* SBASL.H@SCREEN BASE ADDRESS FOR THIS LINE 


-ADRCAL STy: 


TAY 
LSR 


AND 


ORA- 
STA 
LDA 
LDY 
STA 
RTS 


JSR 
BGE 
JSR 
JSR 
STA 
JSR 
LDY 
JMP 


JSR 
J&R 
JSR 
STA 


STA SEASH 
LDA SBASZH 
EOR #$04 
STA SBASZH 
LDY #39 
LDA WNDLF T 
CLC 
ADC - #40 
STA WNDLFT 
CMF #40 
BGE SCROL 1 
BLT SCROL2 
SCROLG JSR COMPAT 
JSR RAMOOU 
PLA 
STA WNDWTH 
LDY #0 
JSR CLEOLZ 
VTAB LDA CVERT 
sROUTINE *ADRCAL’ 
“sADDRESS _ 
sINPUT « A=LINE NUMBER 
OUTPUT 


~» 


SBASL 


3S5AVE Y 
sGAVE A 
A 
#403 
TXTMOD 
SBASH 
ADRESL, Y 
’ SBRASL sRECOVER Y 
(BES 
TST40C sREGUIRE ADDRESS MODIFICATION? 
+ CHRDS1 + 
RAMOIN =:NO, THEN SIMPLE. 
COMFPAT 
(SBASL),Y 
COMPAT a 
TEMPY sGET BACK ORIGINAL Y 
RAMOGU :FINISHED 
SUBY40 ;MODIFY BASE ADDRESS 
RAMOIN 
COMPAT 
(SBASL),Y 


175 


CATS 
B78 
CB7E 
CECZ 


CHG 1 
CR82 
CBAs 
CB36 
CE8a7 
CESS 
*E8A 
CR8C 
CR&D 


CRSE 
CBRSF 
CE90 
CB91 
CESS 
CEHI4 


CRI7 


CE38 
CBEIA 
CBIC 
CRIE 
CRF 


CEAO 
CBA 
CBAS 
CBAG 
CBAS 
CERAR 
CBAE 
CBAF 


CRE? 
CRBS 
CEES 
CREB 
CBRBE 
CBREBF 


CE&C2 
CECS 
CEC7 
CECA 
CECD 


176 


CHI8 


29 
O04 
23 


TSst4a0c 


UJ ve us 


UBY40 


awe 


ADDY4O 


. TOGGSH 


(Tl sa us 


NCUR 


ENCURI 


[Th we we 


NCURS 


JSR 
JSR 
LDY¥ 
JMF 


F'HA 
STY 
TYA 
CLC 
ADC 
TAY 
CMP 
PLA 
RTS 


FHA 
TYA 
SEC 
SBC 
TAY 
JMP 


FHA 


LDA 
EOR 
STA 
PLA 
RTS 


PHA 
LDY 
JSR 
BGE 
JSR 
JSR 
PLA 
JMP 


JSR 
JSR 
JSR 
JSR 
PLA 
JMP 


JSR 
LDA 
STA 
BIT 
BMI 
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COMPAT 
RAMOOU 
TEMPY  3GET BACK ORIGINAL Y 
ADDY40 CURE THE MODIFICATION 
:BAVE A 
TEMPY  :SAVE Y 
sY = Y + WINDOW LEFT 
WNDLFT 
#40 ;SET CARRY FLAG 
RECOVER A 
SAVE CHARACTER FIRST 
3 ¥sY¥-40 
#40 
TOGGSH ;MODIFY BASE ADDRESS 
SAVE CHARACTER 
SBASH 
#906 
SBASH | | 
sRETAIN CHARACTER 
i :BAVE CHARACTER FIRST 
' GHORZ 
TST4OC MODIFYING ADDRESS REQUIRED? 
ENGURI | 
RAMOIN $:NO, THEN SIMPLE 
ENCURS 
;GET BACK THE CHARACTER 
RAMOOU ;FINISHED. 
SUBY40 ;MODIFY BASE ADDRESS 
“RAMO IN 
ENCURS 
“RAMOOU 
ADDY40 : FINISHED 
COMPAT 
(SBASL),Y 
TEMPA ;SAVE FOR DECUR 
TWOMHZ ;TWO KINDS OF CURSOR 
#+8 


CRCF 
CBD i 
CEDS 
CBDS 
CED? 
CBD9 
CBDC 


CDF 
CREO 
CHE i 
CBES 
CRE6G 
CRED 
CREA 
CHEB 


CBEC 
CRED 
CEFO 
CRFS 


CHFE 
CBFS 
CBFA 
CBFC 


CBFE 
CCOo 
CCo2 
COO4 
CCos 
CCoO?7 
ccoa 
CCOR 
ccoc 


CCOD 
CCOE 
CCOF 
CCil 
CC14 
CCis 
CC16 


o8 
48 
AZ 
8D 
68 
28 


690 


c37C 


00 
CoO7D 
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AND #$3F sFOR 40 COLUMN TEXT 
ORA #340 
BNE *+4 sALWAYS 
AND #$7F sFOR 80 COLUMN TEXT 
STA (SBASL),Y 
L.DY TEMPY :GET GRIGINAL Y 
JIMP COMPAT 
DECUR PHP sTURN OFF THE CURSOR 
PHA :SAVE THINGS FOR SAFETY 
LDY CHORZ 
LDA TEMPA 
JSR CHRDIS 
FLA 
PLP 
RTS s DONE 
ESCXZ2 TAY ;sUSE Y AS A POINTER 
LDA ESCTB1-$C9, Y *TRANSFORM X 
JSR ESCX1 *THEN PROCESS IT 
JSR MRDKEY 
ESCX CMP #OCE os. d= M? 
BGE ESCXRT 
CMP #eC9 5 ¢ 19 
BGE ESCX2 : IF FALSE, THEN MUST 
7s BE E8C 1,J,K, OR m 
ESCX1 AND #63F :SKIP OFF HIGH ORDER BITS 
cmp ° #608) s> mH? 
BGE - ESCXAT sIF YES, DO NOTHING 
TAY a SUSE Y AS A POINTER 
LDA #)> BELL 
PHA a 
LDA ESCTBL, Y 
PHA ce 


ESCXRT RTS 


vweoue 


we 


sRAMOIN AND -RAMOOU ARE TWO VERY, VERY IMPORTANT 
:ROUTINES 
sIT IS CALLED BY THE KERNEL (BOTH C8 AND F&) AND 
>THE BASIC 
RAMOIN FHP *SAFTEY 1S MOST IMPORTANT 
PHA 
LDA #EOO: 
STA SBANK2 :BRING RAM O IN 
PLA 
PLP 
RTS 


we we 


177 


178 


CC17 
ccia 
ccig 
ccic 
CCiE 
CC20 
ClzzZ 
cCz4 
ccz6 
ccze 
cCzA 
CC2D 
COZE 
CC2F 


CCSO. 


CCSS 
CCS6 


Cl38 
CCSE 
CSD 
CCSF 
cc4i 
CC44 
CCc47 
CC49 
CC4E 
CC4D 
CC4E 
CCSO 
ccs2 
CCS4 
CCS7 


ccsAa 
ccsc 
CCSE 
cCc60 
ccés 
ccés 


cces 
CC6A 
CCcéC 
CC6E 
cc7oa 
CcC72 


CC7S 
CC77 
CC7A 
Cl7D 
CCada 


oO8 
48 


29 


_ C9 


O778 
FC 
wa 
06 
C6 
19 
OZ 
O1 
CO7D 


RAMNOGU 


MUSTRI 
RAMOD1 


t4ua ue 
a 


i ve ue 


ASOUT 


CVGK 


CHOK 


; 
BASOUI 


BASOUS 


BASOUZ 


CURECH 


DONE 


PHE: 
FHA 
LDA 
AND 
CMF 
REQ 
LDA 
CMF 
BLT 
LDA 
STA 
PLA 
PLE 
RTS 


J5R 
JSR 
BCS 


LDA 
CMP 
BEQ 
STA 
J&R 
LDA 


POWER 
#3FC 
#$30 
MUSTR1 
FRANK 
#610 
RAMOO1 
#$01 
SEBANKZ 


TUGGLE 


DECUR 
BAS INF 


CVWHO 
CVERT 
CVOK 
CVERT 
VTAB 
CHWHO 
CHORZ 
CHOK 
CHORZ 


#EAO 

BASOUI 
INVFLG 
STGRAD 
BASOUZ 


HO7F 
#80D 
BASOUS 
VIDOUL 
#S0A 
VIDOUL 


CHORZ 
CURECH 
#947 
DONE 


#O1F 


CHWHO 


CVERT 
CVWHO 
ENCUR 
TUGGLE 


PAGE 


‘UNDER CP/M OR PASCAL? 


SIF YES, MOVE RAM 1 IN 
sMOVE WHICH BLOCK IN? 
3A REASONABLE NUMBER? 


SIF NOT, ASSUME RAM 1 
sSTORE IT INTO BLOCK 1 


sPERFORM INTERCHANGE 


1-17 


sD0 THIS BEFORE EVERYTHING 


INPUT OR OUTPUT? 


:GET BACK CHARACTER 
sCONTROL CHARACTER? 


sNO, DISPLAYABLE 
; GATHER 


sFOR CONTROL CHARACTER 
*CARRAIGE RETURN? 


sYES 
sADD A LINE-FEED 


sCHARACTER HAS BEEN SENT 


sALL FINISHED, GO BACK! 


3DO0 THIS BEFORE EXIT 
sALSO DO THIS 


CCCA 
CCCB 


cccc 
CCCE 


DONRTS 


se 
? 


NEWESC 


ESCWHO 


BAS INE 


NOTCRW 


NOF CK 


. 
? 


RDKWHG 


38 J8 ve 


SROWTINE * TUGGLE’ 
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sRECOVER CHARACTER 


ESCTB1-$C9,Y 


ESCX1 


RDKWHO 
#$CE 
DONRTS 
#$C9 
NEWESC 
ESCX1 


RDKWHO 
#$9B 
ESCWHO 
#$8D 
NOTCRW 


CLREGL 


#895 
NOFICK 
TEMPA 
#$80 


STACK+4, 


#0 
CHWHO 


DONE 
ENCUR 


KEYIN 
DECUR 


sESC WHAT? 
>= M? 


»¢ I ? 

YES 

“READ KEY 

sESC? 

sCARIAGE RETURN? 

-YES, 

sCLEAR TO END GF LINE 
SRIGHT ARROW? 

sYES, FICK UP CHARACTER 
*MSB MUST =1 


REPLACE CHARACTER ON STACK 
x 


>RELEASE THE DUMMY CHARACTER 
* FINISHED 


sTURN CURSOR ON 
SWHILE WAITING KEY INPUT 
sKEY GOT, TIWRN OFF CURSOR 


IS USED TO INTERCHANGE A SET 


OF ZERO FAGE LOCATIONS WITH A SET OF SLOT 3 
;LOCATIONS 
STHIS ALLGWS GQUR READ-KEY AND CHARACTER-DISFLAY 


sROUTINES 


TQ 


sOPERATING SYSTEMS 


TUGGLE 


va 


FHe 
FHA 


LDA 
FHA 


CHORZ 


BE SHARED BY DIFFERENT TYPE OF 


> SAFETY 


179 


180 


CCCF 
CCD2 
CCD4 


CcDsS. 


CcDe 


CCDA 


CCDB 
GCDE 


- CCEO 


CCE1 


CCE4 
-CCE6 


CCE7 
CCEA 
CCEC 


CCED 


CCFO 
CCF 
COF2 


0478 
2a 


“6675 
“25 
O7FB 
; 285 


‘O7FB 


21 


0778 
21 


07783 


ae. we 


veo wn wes 


PAGE 


PAGE 
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ONO KHOOHAOHAGKHOKOOKKHHAHKHHAHOONAHOHKHANAKHAANANANAAANA HG naNaNNnNnnNnanaNnNgonaAAaANNH 


DELAY 
DELAY 1 


ASSIGN 


ase 


CLEAR 


CHOICE 


USUAL 


INCLUDE VZF e800 
» DEPHASE 


ORG 


$1571 


-PHASE D571 


CLD 
LDX 
CPx 
BEG 


LDY 


ADC 


BCC 
DEY 


BNE 


STX 
STA 
STY 
STY 
STX 
INY 


#S0F 
PBANK4 
RESET 1 


#$H0 
#01 
DELAY 1 


DELAY 1 


SBANK4 
SYSTEM 
SBANK 1 
PBANK 1 
PRANKS 


SBANKZ 
PBANK2 


SBANKS 
FBANKS 


#910 

TXTABH 
TXTABL 
STATUS 


#SAO 
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THIS IS THE RESET HANDLER 


sIF NOT FOWER UP, SKIF 


SWAIT TILL SYSTEM SETTLES 


:ASSIGN MEMORY CONFIGURATION 
“AS © 0,1,3,F 


sREMEMBER (A) =$002 
sINIT STATUS 


CLEAR SCREEN 


(TXTABL),Y 


CLEAR 
TXTABH 
TXTABH 
#918 — 
CLEAR 


KEYBRD 
Be” A" 
USUAL 
#$08 
TXTABH 


KEYSTR 


#$9B 


sBASIC STARTS AT $1800? 


-OR AT $8002 


s;CLEAR KEYBOARD 


SHAS ESC BEEN PRESSED? 


181 


182 


DSCS 
DSCS 
DSca 
DSCB 


DSCE 
DSD1 
DSD4 
DSD7 
DSDA 


DSDD. 
DSEO 


DSES 
DSE6 
DSE9 
DSEC 
DSEF 
DSF2 
DSF4 
DSF 7 
DSF9 
DSFC 
DSFF 
D602 
D605 
D608 
D60A 
D60D 
D610 


F800 


F8Q0 
F8OS 
FBO6 
F809 
F8OC 
FSOF 


F612 
Fais 
F817 
F819 
F815 
FS1E 
F820 


AHONANAnDAAHAOGonHoOnHonoNnnanHnanAAnNnnnnaANnAnAAnNaNANaNAAnANaAND 


SETT4O 


e 
3 


RESET1 


FSTIME 


NODRIV 


vas 


we 


we 


we 


we wes 


SETWTH 


SETW48 


BNE SETT4O 
JSR TEXTAO 
JMP RESET1 
JSR TEXT4O 
JSR HRSEXT 
JSR FRAMOO 
JSR NORMAL 
LDA TEXTCR 
LDA EKGRND 
LDA EKDROP . 
JSR SONINT 
JSR VZINIT 
JSR SCREEN 
JSR KEDBRD 
JSR MBELL 
LDA 

EOR #605 
cmp RESTVR+1 
BNE FSTIME 
JMP DEBUG! 
JSR TITLE 
JSR INFKEY 
JSR PRESPS: 
JSR CHKDIS. 
LDA 

STA RESTVR 
JSR SRESTV 
JME BASICC 
. DEPHASE 

ORG $1800 
-PHASE F800 
Ds $800, $60 
. DEPHASE 

ORG $1800 
-PHASE F800 
IMF FRAMOT. 
JME FRAMOOG 
JME TEXT4O 
JIMP TEXTSO 
Ime AUDOUT 
JME MOUTS1 
LDA TXTMOD 
CMP #610 
BNE SETW40 
LDA #80 
STA VZTX8O 
STA WNDWTH 


RTS 
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sCAN BE 80 COLUMN TEXT 
;TO BE CONTINUE 
sDEFAULT 40 COLUMN TEXT 


sFORCE MEMORY ASSIGNMENTS 
s RIGHT 


3SET NORMAL DISPLAY 


sWHITE, BLACK, BLACK 


TURN OFF SOUND GEN. 
“sINIT TEXT DISPLAY 


SINIT INPUT/OUTPUT 


s INFORM THE USER 


-RESTVR+t2;CHECK RESET VECTOR 


sPOWER UF? 
>NO 

SHOW GUR LOG 

*CLEAR THE FUNCTION KEYS 
*PRESET PAGE 3 VECTORS 
*CHECK DRIVE CONTROLLER 


#(BASICW:SET UP RESET VECTOR 


340 OR 80 COLUMN MODE? 


*B8O COLUMN TEXT MODE 
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FA21 AI 28 C SETW40 LDA #40 °40 COLUMN TEXT MODE 
F823 8D co4c Cc. STA VZTX40 
F826 DO F& c BNE SETW48 :ALWAYS 
C ; 
C3 
Faza AS 3e C DOT LDA REG2ZL 
F82A 85 3c Cc STA REGIL 
F82C AS 3F c LDA REGZH 
FOA2E 85 3D c STA REG1H 
Faso 60 c RTS 
Cc; 
C 3 
Fa31 07 C DATAO7 DB $07 
C ; 
C ; 
FB32 60 Cc RTS 
Cc 3 
Cs: , 
FaS3 AS 34 C RETURN LDA SAVEX sRETURN ONLY? 
Fea35 FO OF c BEG XMEMS 
F837 20 FCDF c JSR SPACE :1F NOT, DO A SPACE FUNCTION 
FasA 20 FA28 c JSR DOT *REGISTER 1=2 
FasD 68 C RETRTS PLA *POF RETURN ADDRESS 
FS3E 68 Cc PLA 
FaSF AI 20 c LDA #$00 sCLEAR STORE MODE 
FG41 85 31 c STA STOFLG 
F843 4C FF69 Cc IMF: MON 1 SEND OF KERNEL COMMAND 
c * INTERPRETATION 
Cc; 
Cc; 
F846 AD 05768 C XMEMB LDA TXTMOD :40 GR 80 COLUMN MODE? 
F849 c3 10 c CMF #$10 
F84B DO OS c BNE #455 
F&4D AI OF c LDA #60OF 280 COLUMN MODE 
FA4F 20 c DEB $2C .$2C=" RIT’ 
F850 AI 07 Cc LDA #507— °40 COLUMN MODE 
Fa52 85 2E c STA CHKSUM +:USE CHKSUM AS A GENERAL 
c :REGISTER 
C 3 
FAa54 20 FECS c JSR CROUT sCARRIAGE RETURN 
FaS7 20 FCS8S c JSR INCRE2 :INCREMENT REGISTER 1 
FasA AS 3D c LDA REG1H *PRINT ADDRESS 
Fasc 20 FDC1 c JSR . PREYTE 
FaSr AS 3c c LDA REGIL 
Fa6i 20 FDC1 Cc JSR PRBYTE 
FaG4 AI BD c LDA #"=" = sFOLLOWED BY = 
F866 20 FDED c JSR MCOUT 
C 3 
F869 AO 00 c LDY #0 sCLEAR OFFSET 
F86B Ag AO ‘C XMEM81 LDA "0" *WITH A SPACE BEHIND 
Fa6D 20 FDED c JBR MCOUT 
F870 B1 ‘SC Cc LDA (REGIL),Y *THEN ITS CONTENTS 
Fa72 20 FDC1 Cc JSR PREYTE 
F875 AS 3c c LDA REGIL 
Fa77 25 2E c AND CHKSUM sEITHER MOD & OR 
Fa79 CS 2E c CMP CHKSUM :MOD 16 


183 


184 


F87B 
F87D 
F880 


F883 
F8a6 


F889 
FSB 
Fe8D 


FaBE 
Faer 
F891 
Fag92 
F893 
FaI6G 
F898 
Fa99 
FAIA 
F89B 
F89C 
Fa9e 
FaAG 
FS&AZ 
FBAA 


FBAS 
FBAG 
FaAs 
FaAA 
FaAC 
FBAE 
F8BO 
FaB2 


FaBS 
FaB7 
FSBA 
FOaBD 
FOBF 
FaC! 
FaCc2 
Faca 
FBCG 


Facs. 


FECA 
FaCc 
FSCF 
FaD2 
FaDs 
F8D7 
FaD9 


FO CO 


20 FC8S 
4C F86B 


CS D2 D2 
CF D2 AO 


AS 00 
85 2F 
60 


Ree hekshchohrhekthvhchehehchchsEoRonshohchscitlelcarhohchshchekshehsichrichsichsiskshehraskshshriclshelsichsns) 


ERRORM 


LENGTH 


ODDEVN. 


LOWNIE 


ODD 


we ve 


MTSAVE ~ 


TSAVE1 
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RETRTS :FINISHED? 
INCREZ sINCREMENT REGISTER 1 
XMEMB1 sCONTINUE 
"ERROR ” 
#0 sFOR INVALID OFPCODES 
OPCODL ;SET LENGHT=0 
sSTART CHECKING OFPCODE 
ODD :IF QDD, DO MORE 
:SELECT NIBBLE 
SUSE Y AS POINTER 
TABLE, ¥:GET LENGTH 
“LOWNIB : WHICH ‘NIBBLE? 
sHIGH NIBBLE 
HOOF. sTICK OUT HIGH BITS 
#6 sINVALID GPCODE? 
OPERR . 
OPCODL :SAVE THE LENGHT 
*FINISHED 
' OPERR :NO XXXXXX11i GFPCODES 
#6FF 
#%5D 
OPERR sNO STA #--- 
HOFF 
#687 *MASK BITS 
GDDEYN 
#64 
LEADER 
TWOMHZ 
*+5 
#84 sFIRST BYTE 
$20 
#37 
#0 
(REGIL, X) 
CHKSUM 
(REGIL, X) 
WREYTE 
INCRE2 
TWOMHZ 
+5, 
#62 *REST BYTES 
$2C 


398 
29 


FDC1 
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we 


we 


LEADER 


WRIBIT 


ZDELAY 


ODELAY 


WTAPE 


we 68f 


Je ve 


PRN Y X 
PRNAX 


DS 


TYA 
JSR 


#27 
CHKSUM 
TSAVE1 
TWOMHZ 
£45 
#68 
$2C 
#32 
WRBYTE 
MBELL 


TWOMHZ 
¥+5 
#135 
$2C 
#735 
ZDELAY 
LEADER 
#4FE 


” LEADER 


TWOMHZ 
#+5; 
#68 
$2C 
#31 
ZDELAY 


ZDELAY 
WIAPE 
TWOMHZ. 
+5 
#101 
$2C 
#47 


ODELAY 
WTAPE 
TAPEOQU 
TWOMHZ 
#45 
#30 
$2C 
#42 


10 


FPRBYTE 


FAGE 1-24 


* THE LAST: CHECK-SUM 


sONE OR TWO MHZ? 
sNORMALLY IT IS 1MHZ 
BUT CAN BE 2MHZ 
°$2C = > BIT’ 

sGOOD, 1MHZ 


sZERO [IS SHORTER THAN ONE 


sEXTRA DELAY FOR ONE 


sTIME COMPENSATION 
sTOGGLE TAPE OUTPUT 


sFRINT Y 
SPRINT A 


185 


PAGE ia? 


CaAC C3 BS CMF #$B3 

CBRE BO ZR BGE ESCKRT 

(CERO 29 07 AND #407 

CaRZ OA ASL A 

CABS OA ASL. A 

Cans oA ASL A 

Cass 85 26 STA FKEYPL sPREPARE COUNTER 

CHET 20 (878 JSR POLKED 

Capa C2 BO CMP #$E0 70 TO 7? 

CaBC 90 DD BLT ESCKRT 

C8BE co 8S CMF #$B93 

caca BRO D9 BGE ESCKRT 

Ccacz 29 07 AND #S07 

cacsé oS 26 ORA FRKEYPL 

cace 85 2A STA SBASZL ;COUNTER COMPLETED 

Cace aS 28 STA SBASZH sTHIS IS FOR IN#&S 

caca AI 00 LDA HOOD >SET UF POINTER NOW 
cacc AS TAY 

cacD 85 26 STA FRKEYRL 

C8cr AS 48 LDA #448 

C8D1 85 27 STA FKEYPH sFUNCTION KEY STORED FROM $4800 
caps 20 CCOD ' JSR RAMOTN 

CaD6 Cé ZA FKFND1 DEC _ SBASZL 

CcaDe 30 OC BMI FKFND4, : REACH? 

C8aDA E6& 26 FKFND2 INC FKEYPL <:IF NOT, INCREMENT POINTER 
cepc DO O02 BNE “FKFNDS 

C8DE EG 27 INC FKEYPH 

C8EO Bl 26 FAXFNDS LDA (FKEYPL) ,Y 

CBEZ2 10 F6 BPL. FKFNDZ ;END OF A FUNCTION KEY? 
CSE4 30 FO BMI FKFNDi. :YES, UPDATE COUNTER 
C8E6 AD 4800 FKFND4 LDA _ KEYFLG ;HAS IN®8& HAPPENED? 
CaES C9 66 CMP #866. . | 

CBEB DO 09 BNE FKFNDS :NO, GOOD! 

C8ED 20 F229 ISR RENEW ;YES, GOTO BASIC 

Cara 20 CEAO JSR ENCUR 

cars 4C C&84D IMF KEYIN 

Care AS 939 FKFNDS LDA #899... :BEFORE EXIT, MAKE FUNCTION 
Cara 8D 4800 STA KEYFLG ;KEY ACTIVE 

C8FB 20 CC17 JSR RAMOOU 


we 


wea 


;GET THE FIRST CHARACTER FROM THE FUNCTION KEY BUFFER 


C8FE EG 26 KEYINE INC FKEYPL ;FUNCTION KEY POINTER READY 
C300 DO O02 BNE ae 

cgI02 E6 27 INC FKEYPH 

C3904 zo CCOD JSR RAMOIN :MOVE RAM BI.OCK © IN 

C907 AG OO LDY #00 — 

C309 Bi 26 LDA (FKEYPL),Y ;READ KEY FORM BUFFER 
CIOR 10 03 BP KEYERT sEND OF A FUNCTION KEY STRING? 
c30D 8C 4800 STY KEYFLG :IF YES, DISABLE FUNCTION KEY 
C310 20 CC17 KEYERT JSR RAMOOU sFUNCTION KEY BUFFER. AREA 


CILS o%3 BO GRA #850 ‘ENSURE MSB=t 


F99D 
FIAO 
FIA2 
F9AS 
F9A7 
FIAA 
F9AC 
FORE 
FOB1 
F9RS 
F9OBG 
F9BS 
FOBB 
F9ED 
FOBF 
F9ICZ 
F9C4 
F9C7 


FICA 
F9CC 
FOCE 
F9DO 
FOD1 
F9D3 
F9DS 


F9D7 
F9DA 
F9DD 
F9EO 
FIE4 
FIES 
FIES 
FIES 
FIEA 
F9ED 
FSFO 


FSFS 


FIF6 
FOF9 
F3FC 
FSFE 
FAO! 
FAQS 
FAOG 


<4) 
i6 


ao 
16 


Oo 


GHoO0onoKG Hanan aAKgnNHnn gn Hong oOnNnon gH HnHOn Hon Hn an GHgnnnHnnAnnn ona KnnAnNoAAa 


—j vs os 
D 
om 


TABI 


TABIMPE: 


ass ve v6 ve 


~~ ue ve ue 


ABLE 1 


I.E., 


JSR 
LDF 
JSR 
LDA 
JSR 
LDY 


LDA 


JSR 
LDA 
JSR 
LDA 
JSR 
LDY 
LDA 
JSR 
LDA 
JSR 
JIMP 


CFX 
BGE 
LDA 
CLC 
ADC 
CMP 
BGE 


JSR 
LDA 
STA 
INX 
INC 
LDA 
BIT 
BEG 
JSR 
JSR 
JMP 


JMP 


DE 
DE 


DE 


TABLE1 CONTAINSS 
si. 128 4-BIT LENGTHS FOR XXXXXXXO TYPE OF OFPCODES 
2. 8 4-BIT LENGTHS FOR XXXXXXO1 TYPE OF OPCODES 
ORA, AND, EGR, ADC, STA, LDA, CMF, SEC 


FAGE 1-26 


- PREYTE 
REGIL 
PREYTE 
#"=" FRINT CONTENT 
MCOUT 
#0 
(REGIL),Y 
PREYTE 
#" 0" STHEN SPACE 
MCOUT 
wr ge THEN THE UNMATCHED VALUE 
MCOUT 
#0 
(REG4L),Y 
FP REYTE 
#8") 
MCOUT 
VERCOM sNEXT 
#248 sNEAR END OF INPUT LINE? 
TABIMP <:IF YES, DO NOTHING 
CHORZ <:TRY TO DO TAR 
#8 STAB = ADVANCE 8 FOS. 
WNDWTH sEXCEED THE RIGHT END? 
TABIMP <sIF YES, CANCEL 
CBOOIN :FOR DECUR AND ENCUR 
TEMPA <:NOW, DO TAR 
KEYBUF,X:COPY THINGS ON SCREEN 
AND ADVANCE 
CHORZ 
CHORZ 
DATAO7 :TAB POS. ARE GUANTIZED 
TABIME  sFINISHED? 
ENCUR <:IF NOT, CONTINUE 
DECUR ;COPYING CHARACTERS 
TABI 
GETLNi :GO BACK 


$60, $16, $00, $26, $61, $16, $60, $26 


$62, $11, $00, $27, $61, $16, $60, $26 


$60, $16, $00, $22, $61, $16, $60, $26 


187 


188 


FAO9 
FAOC 
FAOE 
FA11 
FA14 
FAIG 
FAIS 
FAIC 
FALE 
FA21 
FAZ4 
FA26 
FA29 
FAZC 
FAZE 
FAS1 
FARA 
FAS6 
FA39 


61 16 


16 00 
61 16 


1i1 00 
61 16 


11 00 
61 11 


11 00 
61 16 


11 a0 
61 16 


2i ii 


ONGFKAOAANHOHONNnOnAANAAAAHANnNgG HANH HONOADOHnOONOooAAGaANNAAOAAOND 


we 


ROBRK 


tt wea 


BREAK 


aon 


Aree we 


ESET 


aoe ve 


BREAK 


BREAK2 


DE 


DE 


DE 


DE 


DE 


DE 


. DEPHASE 
ORG 
. PHASE 


PAGE 1-27 


$60, $16, $00, $22, $61, $16, $60, $26 
$66, $11, $00, $22, $61, $16, $60, $26 
$11,$11, $00, $22, $61, $11, $00, 922 
$61, $11, 800, $22, $61, $16, $60, $26 
$61, $11, $00, $22, $61, $16, $60, $26 


$11,$21, 611, $22 


$1A40 
BFA4O 


ACC 2SAVE A 
sGET STATUS REGISTER 


DATAIGO sINTERUPT OR BREAK? 
BREAK © 
(IRQVER) 

; ©GET BACK STATUS REGISTER 


STATUS ;SAVE IT 


3BAVE RETURN ADDRESS 
PCL 


’ PCH 


REGX s;SAVE REGISTERS 
REGY 


STACKP — 
(BRKVER) 


MON » DUMMY 


RESETO 


CROUT sCARRIAGE RETURN FIRST 
#400 :INIT-PCGINTER & COUNTER 
BRKMES, X:PRINT BREAK MESSAGE 
MCOUT 

*FINISHED? 
#i1 
BREAKZ 


D w2 we OC) ve ve 


AOOOOHANAHANAKOKHKHHNOKNKHKHOnDHNMHaAgGnKnKG nD n0KAnN KONA Ann naoNannNnnAnaAnAaAanNnnnnaAnAA 
[ve we 


PREYTE 


PREYTE 
MON 


$83 
$82 
$99 
$8B 
$90 
$CE 
sc9 
$AE 
SBS 
$BS 
$C7 
sD2 
$D7 
$CD 
$Dé 
$8D 
SAO 


BASICW-1 
BASICC-1 
USRADR-1 
SETIN-1 
SETOU-j 
SETNOR-1 
SETINV-1 
DOT-1 
COLON-1 
MODES-1 
60-1 
TLOAD-1 
MTSAVE-1 
MOVE-1 
VERIFY—-1i 
RETURN-1 
SPACE-—1 


"MICROSOFT BASIC V.T. 


PAGE 


-FRINT ADDRESS 


*THEN GOTO KERNEL 


:CTRL-C 
:CTRL-B 
sCTRL-Y 


we Ve 


v8 we V8 


v8 ve V8 wa 


or nD 
wee at 


VERSION 


FAGE 1-29 


FADO D6 CS D2 
FADS D3 C9 CF 
FAD6G CE AO B2 


FADS AE H2 


Cc 
c 
c 
c 
FADB 8D 8D Cc DE $8D, $&D 
FADD AB C3 AI Cc Asc "{C) COPYRIGHT V.T. 1984" 
FAEO AO C3 CF Cc 
FARES DO D9 D2 c 
FAEG C3 C7 CS Cc 
FAES D4 AD DE c 
FAEC AE D4 AE Cc 
FAEF AO Bi ES Cc 
FAF 2 BS B4 Cc 
FAF4 8D BD oO Cc DE $8D, $8D, #00 
Cc: 
Cc: 
C3 
c » DEPHASE 
c ORG $1B02 
Cc PHASE $FBO2 
C 3 
FRO2 BD C064 C PREADI LDA PADDLO, X:3 CYCLES 
FROS 10 04 C BPL FDLRTS 32 CYCLES 
FBO7 ca c INY 22 CYCLES 
FROS DO FS Cc BNE PREADI 3:3 CYCLES 
FBOA 88 Cc DEY 
FROB 60 C PDLRTS RTS 
C3 
Cc; 
FBOC BD C064 C FREAD2 LDA PADDLO,X:3 CYCLES 
FBOF BD C064 C LDA PADDLO, X:3 CYCLES 
FBRiz 10 F7 Cc BPL PDLATS :2 CYCLES 
FBI4 10 FS c BPL PDLRTS 3:2 CYCLES 
FB16 ca c INY :2 CYCLES 
FRI7 EA c NOP ; :2 CYCLES 
FE18 8g 2A c STA SBASZL +:3 CYCLES 
FBIA DO FO Cc BNE PREADZ2 3:3 CYCLES 
FRIC 88 c DEY 
FBA1D 60 c RTS 
C 3 
Cc; 
FBIE AO a0 C MPREAD LDY #00. . 
FERZO 2C cics Cc BIT TWOMHZ 3:1 OR 2 MHZ? 
FB23 BD CO70 Cc STA PDLRES :RESET TIMER 
FR26 io DA Cc BPL FREAD! :FOR IMHZ 
FBZ8 30 E2 c BMI PREADZ :FOR 2MHZ 
Cc ; 
C 3 
FB2A Cc DS S 
C3 
Cc 3 
FEZF EA C VZINIT NOF :SPACE FILLERS 
FB30O EA Cc NOP 
FRS1 EA c NOF: 
FBSZ EA Cc NOF 
FRSS AD CoOs6é c LDA VZSELF 


190 


FES6 
FB39 


FRSC. 


FB3E 


FB40 


FR42 


FB46 
FB46 


FE4S 


FRA9 
FE4A 


FB4B 
FB4D 
FROF 
FBSi 
FESS 
FBSS 
FBS6 
FESS 


FBSB 
FESD 
FB6O 


FBG61 
FB6S 
FR6EG 
FE69 
FBGA 
FB6C 


FROF 


FRZS: ..:. 


FB74 
FB77 


FB78 
FB7A 
FB7D 
FB80 


FBSai 
FBSS 
FB86 
FRS9 


AGNKHNAnANnNNONnNnHHAonANDaAAAnNNnAnNnAHAAGoONAAAANOnNAoONOoOOOOOONnOnoOoooNO 


=f ue we 


SET TXT 


MODES 


we we 
. 


BATAIO 
SIGNAT 


s 
> 
a 


MSETWN 


MTABYV 


PRESPS 
LOOP 1 


RESTV 


CA) we vs 


we ue 


TEXT40 


EXT8O 


as 


VZPAGI 
VZTEXT 
#00 

MSE TWN 


REG2L 
REG4L 
REG2H 
REG4H 


$10 
$00 


WNDTOF 


SETWTH 
423 


CVERT 
MVTAB 


#4 


FAGE 1-30 


sALWAYS 


sSIGNATURE BYTE 


s3SET FULL SCREEN SIZE 


$2440 GOR 24*80 


240 OR 80? 
"PLACE THE CURSOR AT THE 
*BOTTOM LINE 


P3VECT-1,Y 
BRKVER-1, Y 


LOOP 
SRESTV 


RESTVR+1 


#8AS 


RESTVR+2 


#SO04 
BEAUTI 
VZTX4&O 


#$10 
BEAUTI 
VZTX8O 


sENABLE 40 COLUMN TEXT 


sENABLE 80 COLUMN TEXT 


191 


192 


FRE&A 
FRSD 
rFEROO 
FaS2 
FESS 
FRI8 


FES 
a ie 
FRIE 
FBAI 
FBAS 
FEAG6 
FBA7 
FRA 


FBAR 
FRAD 
FEAF 
FREY 
FERRERS 
FRES 


FRE? 


FRC! 
FRC4 


FEC7 
FECA 


FBCD 
FREDO 


FEDS 
FEDS 


FED? 


20 


4c 


zo 
4C 


v4 8) 
4C 


OS7H - 


FDE6 
CR41 


FDEG 
CCoD 


FDE6 
CCi7 


FAG6S 
EQOO 


AAKHAanoOnNAnNnHAnANnOnnannANHNOHannnonoOnKanAnANnAnAnANnnnANHAAAGKAnHAAnAANODA 


e 
? 


REAUTI 


we 


; 
TITLE 


TITLE! 


TITRTS 


INFKEY 


INFKE1. 


we ve 


a wes 


.« DEPHASE 


ORG: 
. PHASE, 


JSR 
JMB 


TXTMOD 
VERTSC 
#-S 


VZSELF 


VZTEXT 


F8HOME 
#0" 
LOGO, xX 
TITRTS 
MCOUT 


TITLE 


FRAMO I 
#26 - 
#BA0 - 


PAGE i-Si 


CHANGE DURING VERTICAL 
*RETRACE PERIOD 


sUSE xX AS: COUNTER AND FOINTER 


“END? 
sDISPLAY OUR LOGO 


s ALWAYS 


sGET FUNCTION KEY BUFFER 


sFILL WITH SPACES 


KEYFL.G, X;REMEMBER X=24? 


INFKE1 


FRAMOD 


$1 BCL 
$FEC1 


C8OO0IN 
ADRCAL 


sALSO DEACTIVATE FUNCTION 
3 KEY 
°0.K., FINISHED! 


;FRAMOT AND FRAMOO SHOULD BE CALLED WHEN YOU 
SARE OUTSIDE ca 


*WHEN IN 68° *YOU CAN SIMPLY CALL RAMOIN AND RAMOCOU 


FRAMO! 
FRAMOO 


PSVECT 


ve 


we 


s6 ae 


JSR 
JMP 


JER * 
SMP 


DW 


DW 


DS 


C800IN 
RAMOIN 


C&8O0IN 
RAMOOU 


BREAK 1 


BASICC 


N 


FEDS. 


i BDE 
FBDD 


FRDE - 


- BDF 
FBEO 
FBE1 
FBS 


FBES 


FRE4 


FRET 


FREA 
FBED 


FEFO 
FEFS 


FBF4 
FBF7 


FEFA 
FBFC 
FBFF 
FCO2 
FCOS 
FCOS 


FCO6 
FCOS 
FCOR 


FCOD 


FC1i0 
FC1iIsS 


FC16 
FCiS 


FCiA 
FC1iD 


FC2O0 


2O 


4C 


SF 


FF 


20 
4c 


37 
ore) 


-FDE6 


CAZE 


FDE& 


> CAI8 


FBEA 


FDE6 
CAZO 


FC16 
FCZA 


FDE6 
CAS4 


BF DF 


FDE6 
CASE 


AAnNAnNNnnA nanan ANnAAAnoONnAnAAAAANNnANAANANDNANoOANnoOnAnANANHAAAANGHGoOOAANA 


> 
ENTRY1 


‘SONINT 


SOUND1 


Cl we we 


OLGN 


ws owe 


we ve 


ue we 


CMF 
BNE 
NOP 
NOF 
NOP 
NOF 
NOP 
NOF 
NOP 
JSR 
JMP 


JSR 
JMP 


JSR 
RTS 


JSR 
JMP 


LDY 
LDA 
JSR 
DEY 
BPL 
RTS 


LDA 
STA 
JMP 


DS 


JSR 
JMP 


#87 
FRAMOD 


CBOOIN 
BELL 


C8O0IN 
STORAD 


ENTRY1 


CBOOIN 
ADVANC 


#3 
DEAF, Y 
AUDOUT 


. BSOUNDI 


CHOOIN 
BS 


PAGE 


sCTRL.-G 


sFILL SPACE 


TURN SGUND GEN. OFF 


sREGISTER 1=2 


sDATA USED TO TURN THE SOUND CHANNELS OFF 
$9F, SBF, SDF, $FF 


DEAF 


wae 


we 


we 


DB 


JSR 
JMP 


Ds 


C8OCIN 
UF 


193 


194 


FC22 
FC24 
FC27 


FC2ZA 
FC2D 
FCSO 
FCS2 
FC35 
FC3S7 


FC38 
FCSA 
FC3D 
FCSF 


FC40 


FC42 
FC4S5 


FC48 
FC4B 


FCGE 
FCS1 
FCS4 
FCS7 


FCS8 
FCSB 


FCSE 


FC62 
FC6ES 


FC66 
FC69 


FC6C 
FC6D 


29 


60 


z2O 
4c 


48 
69 


FDEG 
CATF 


FDEG 
CAA4 


FDFO 
CFFF 
ci00 


FDE6 
CA76 
FC48 


FDEG 
CAAT 


O1 


AMON NHONHANANANnAaAnAAonNOnNAnAAHNHNHoOnooHnAnnnoAnNAAAnGAAONAaoAANNA 


wa us 


AUDOUT 


‘Tl vse ss 


NDSTB 


ws we 


we ws 


F BHOME 


28 wes 


MWAITI 


DS 


JSR 


RTS 


JSR 
JMP 


FHA 


MWAIT2 ADC 


CVERT 
CBOOIN 
ADRCAL 


SONGEN 
HORZSC 
¥-3 
HORZSC 
*-S 


#56 | 
RTIBIT 
FNDSTE 


C8O00IN 
CLREOP 


C8OOIN 
CRLF 


» MCOUT1 


ROMCLA 
$C100 


C800IN 


CLSCRN 


ENTRY2 


CB8O0IN 
LF 


#1 


PAGE 1-35 


3SEND DATA TO SOUND GEN. 
sWAIT FOR 1 HORIZONTAL 
sBYNC. PERIOD 


sREAD THE SYNC PERIOD 


:FOR PRINTER DRIVER 


sSENABLE PRINTER DRIVER 


sHOME OF BASIC 
s;@CLEAR SCREEN OF PASCAL 


sFILL SPACE 


3SAVE MAJOR TIMER 
‘MINOR TIMER 


FC6F 
FC71i 
FC72 
FC74 
FC76 
FC77 
FC79 
FC7A 
FC7C 


FC7F 
FCB1 
FC83 
FC8S 
FC87 
FCa9 
FCAB 
FCAD 
FC8F 
FC91 
FC93 
FC9S 
FC97 


FC98 


FCSC 
FC9IE 
FCAI 


FCAG 


FCAS8 


FCAB 


FCE4 
FCB6 
FCBS 
FCBA 


FCBD 
FCCO 
FCCS 
FCCG 


FCC8 


Ad 
290 
4c 


4c 


24 
FDE6 
CAS9 


FC77 


oONNNNNHAnnKHnNnNGanonan OM nanan HAnKnDHnnanNnNnnAAnANnNKHnAAaAnNAAAnnAAnNnAnAANH 


MWAIT 


NCRE1 


MSue ue 


INCRE2Z 


INCRES 


vaio we 


we 


we 


M8 ws 


woe ve 


we 


wea 


we 


I ve ve 


RKMES 


we we 


BNE 
PLA 
ADC 
BNE 
RTS 
EOR 
CLC 
ADC 
JMP 


INC 
BNE 
INC 
LDA 
CMP 
BLT 
BNE 
LDA 
CMP 
INC 
BNE 
INC 
RTS 


DS 


-LDY 


JSR 
JMP 


DS 


JMF 


DS 


INC 
BNE 
INC 
JM 


ASC 


RTS 


MWAIT2 


#0 
MWATT1 


#3FF 


#1 
MWATT1 


REG4L 
e+40 

REG4H 
REG1H 
REG2H 


INCRES - 


INCRES 
REGIL 
REGZL 
REGIL. 
+4 
REG1H 


CHORZ 
C800IN 
CLEOLZ 


MWAIT 


REG4L 
#+4 
REG4H 


INCRE2 © 


sCARRY20 FOR NON-EQUAL 
:GET BACK MAJOR TIMER 


PAGE 


3N.B. CARRY=1 NOW 


sCARRY=0 FOR NON-EQUAL 


sALL FINISHED! 


“FORM 2°S COMPLEMENT 


sINCREMENT REG4L, 43 


sCOMPARE REGIL,3D WITH 


s REGZL, SF 


SCARRY HAS MEANING NOW 


‘INCREMENT REGAL, 3D 


"IBREAK AT #" 


1-3 


195 


196 


FCC9 
FCCA 
FCCC 
FCCF 
FCDi 
FCD4 
FCDS6 
FCpa 
FCDA 
FCDC 
FCDE 


FCDF 
FCE1 
FCES 
FCES 
FCE7 
FCE9 
FCEB 
FCEE 


FCF 1 
FCF4 
FCF6 
FCFa 
FCFB 
FCFD 
FDOO 


zo 
20 
AD 
6C 


FDEG 
CBAO 
QO6F ER 
0038 


FDE6 


35 


C84p 
CEDF 


oo 


Hoon AnH nnHnHn ANN ANH noTGannnnnNHonKgOn nanan no nnnHnn0HGagHGagnnANnNAnANAANHNa 


HDELAY 


HDELAI 


GU} ve we 


FACE 


EXAMIN 


? 
se 


DERUGI 


NONRST 


; 
MINKEY 


wea ue 


» DEPHASE 


ORG . 
- PHASE 


JSR 
JSR 
LDA 
JMP 


DS 


JSR 
STY 
JSR 
JSR 
L.DY 
RTS 


DS 


#180. 
VERTSC 
*-S 
VERTSC 
*-3 

#1 
HDELAI 
#SFF 
CHKSUM 


STOFLG 


REG2ZL 


(REGIL), 
-INCRE2 


MEMXM 


RESTVR+1 
-WSEO 


NONRST 
RESTVR 
NONRST 
NODRIV 


i(RESTVR) 


#1D0C 
$FDOC 


CBOOIN 
ENCUR 
TEMPA 


(INSWL) 


CAOOIN 
SAVEY 
KEYIN 
DECUR 
SAVEY 


| 


PAGE 
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‘BYPASS SOME OF THE HEADER 
sABOUT 3 SECONDS 


REFERENCE CLOCK 


*PREPARE CHECK-SUM 


“STORE OR EXAMINE? 


3; STORE 


¥ 
sUPDATA F'OINTER 


sSAVE.REGISTER Y 


f 


a) 


sUSE PASCAL READ KEY ROUTINE 


*ON EXIT DO THIS 
“RECOVER Y 


sFILL SPACE 


FD2C 
FD2F 
FD32 


FD35 
FD38 
FD3A 
FD3C 


FD3E. 
FD40. 


FD&42 


FD43 
FD46 
FD48 
FD4A 
FD4D 
FD4F 
FDSO 
FDS1 


FDS4 


FDS7 
FDS3 
FDSB 
FDSE 
FD60 
FD61 
FD62 
FD6é5 


FD66 


FD6é7 
FD6A 
FDEC 
FDGF 
FD71 


FD74° 
FD76 


FD78 
FD7A 
FD7C 
FD7F 
FD81 
FD8s 


FD86 
Fpse 


FD8B 


“= ue we 
m 
0) 
0 


— vave 


RDCHR 


HKDIS 


Ove va 


CHKDI1 


v4 
a 
nm 
@) 
a i 
+ 


we 


gavooOoaAoHHHAHKGoHKoOnnHGHnaoHHGKHo9KNoOnonHnonGHoKHoGnAnAKGAnanAAHnAnAAAHAaANn 


JSR 
JSR 
JSR 


JSR 
CME: 
BEQ 
cme 
BNE 
LDA 
RTS 


LDA 
CMP 
BNE 
LDA 
BNE 
PLA 
PLA 
SMP 
LDA 
CMP 
BNE 
LDA 
BNE 
FLA 
PLA 
JMP 
RTS 


RTS 


JSR 
LDA 
JSR 
LDX 
JSR 
CMP 
BEG} 
CMP 
BNE 
JMP 
CMP 
BNE 
LDA 


ORA 


STA 


JMP 


MRDKEY 
CBO00IN 
ESCX 


MRDKEY 
#$95 
MESC 
#S$FF 
e+4 
#$B3 


$C607 
#$SC 
CHKDI1 
$C6035 
CHKDI1i 


C600 


$0507 


#$3C 
CHKDRT 
$C503 

CHKDRT 


#380 


KEYBUF, xX 


¥+6 
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ESC WHAT? 
*FOR NON-KEYBOARD INPUT CASE 


ESC ? 


s KREAK? 


sYES, REPLACE WITH CTRL-C 


sCHECK DISK CONTROLLER 


31F NO, RETURN 


sIF THERE IS, BOOT DISK 


sDISPLAY FROMPT SIGN 


sSET UF CHARACTER COUNTER 
sREAD A CHARACTER 
sCTRL-X? 


3IF YES, CANCEL THE LINE 


: TAB? 


sYES 
sRIGHT ARROW? 


SIF YES, PICK UP THE 
SCHARACTER UNDER CURSOR POS. 
sENSURE MSE=1 


197 


198 


FDBE 


FD91 
FD93 
FD95 
FD96 
FD97 
FD99 
FD9B 
FD9D 
FDOF 
FDA2 
FDAS 
FDAG 


FDA7 


FDAA 


FLAD. 
FDAE 
FDBO 


FDBZ 
FDBS 


FDB7 
FDBS 


FDBB 
FDBE 


FDC1i 


FDCS. 


FDC4 
FDCS 
FDC6 
FDC7 
FDCA 
FDCC 
FDCE 


FDDA 


FDDD 


FDES 


FDEG 


FDE9S 
FDEC 


4c 


4c 


8D 
8D 
60 


FDC1 


FERS 


CEFF 
C300 


NnNMNNANNNONnNoAHoANooNONANHHAOANAANADANAAOnOGONOaOooHAnn4O 


NOLEFT 


NOTCR 


CANCEL 


Dus ve 


RBEYTE 


ve we 


we 


we 46 


IMP CROUT 
CMP #$88 
BNE NOLEFT 
DE x 

DEX 

CPx #6FE 
BEQ MGETLZ 
CMP #68D 
BNE NOTCR 
JSR C8O0OIN 
PHA 

JSR CLREOL 
PLA 

IMP MCOUT 
JSR MCOUT 
INX 

CPx #249 
BLT GETLN1 
JSR MBELL 
CPx #255 
BNE GETLNI 
LDA A 
JSR MCOUT 
IMP MGETLZ 
STA RNDNOL 
LSR 

LSR 

LSR 

LSR 

JSR PRNHEX 
LDA RNDNOL 
AND #S0F 
JMP PRNHE X 
. DEPHASE: 

ORG #1DDA 
-PHASE *FDDA 
IMP PREYTE 
DS 6 

IMP. FRNHE X 
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sLEFT ARROW? 

sYES, BACK SPACE 

BACK TOO MUCH? 

sCARRIAGE RETURN? 

*IF YES, CLEAR TO END OF 
sLINE 

sEND OF GET-LINE! . 
sRECALL CHARACTER ON SCREEN 
sNEXT CHARACTER 

SEAT TOO MUCH? 

sTAKE CARE OF HEALTH 


sDANGER _ 
°<STOP IMMED{ATELY 


» 


;SAVE A FIRST 


*FRINT HIGH NIBBLE 
sRESUME A 


sPRINT LOW NIBBLE 


? . 
sROUTINE *CA800IN’ MUST BE CALLED FIRST BEFORE ANY 


sROUTINE IN C& IS CALLED 


C800IN 


STA 
STA 
RTS 


ROMCLR 
$0300 


WE WANT "SLOT 3”"’S C& 


F30D 


FD 


HFAHaAHGHoHKHHAHoOnGDnoOnHKGnHnonHoHnH HNO NgHnnOKHHanKnnAnNNAnoOnnNnanAHnAHGnanNaKnAHnaAnnA0n 


MCOUTS 


MCOUT2 


MCOUT4 
MCOUTS 


WREYTE 


‘WBYTE1 


ve ve 


wo we 


SCREEN 


KBDBERD 


DS 


(QUTSWL) 


C8O0IN 


SAVEY 
WSF F 

MCOUTS 
#BAO 

MCOUT2 
INVFLG 
STORAD 
MCOUTS 


WO7F 
##0D 
MCOUTS 
VIDOU! 
#30—A 
VIDOUI 


SAVEY 


#16 


WRTIBIT 
WBYTE1 


it 


FAGE 1-3 


sEVERYTHING I[S IN C8 

sSAVE. CHARACTER FIRST 
sSAVE Y 

;GET N FLAG 

sFOR CHARACTERS WITH MSB=0 
sCONTROL CHARACTER? 


3;NO . 
sIT I8 A DISPLAYABLE CHAR. 


sDO. THIS FOR CONTROL CHAR. 
sCARRIAGE RETURN? 


sYES, ADD A LINE-FEED 


SNOW, RESUME CHARACTER 


22% B = 16 


ENTERING, PLEASE SET Y=0 


LDA 
LDY 


.8STA 


STY 
RTS 


LDA 


(REGIL),Y 
(REGAL) ,Y 


INCRE 1 
MOVE 


VERIFY 


#> MCOUTI 
# (MCOUT 1 


OUT SWH 
OUTSWL 


#)> MINKEY 


sFINISHED YET? 


199 


200 


FE44 
FE46 
FE48 
FE4A 


FE4B 
FE4D 


FE4F 
FESO 
FESS 
FESS 


-FES7 


FES9 
FESB 
FESD 
FESF 
FEG1 
FE64 
FE66 
FE69 
FE6B 
FE6E 
FE7O 
FE7S 
FE7S 
FE77 
FE7A 


FE7D 


FE8O 
FE82 
FE86S 
FE&S4 
FE8&6 
FE868 


FE89 
FESB 
FE8D 
FE3IO 
FE91 
FE92 


FESS 
FESS 
FE97 
FE99 
FESR 


FEAG 


HoNKHnNgGNAnHGnGoOoAoONGnAanHaGHnoOHnHGnHngnnonNnOGnooKnooGonAGGnAnAnNAAAA 


KEDRTS 


s 
? 


L.DY 
STA 
STY 
RTS 


PAGE 


# (MINKEY 
INSWH 
TINSWL 


= PRINT THE ADDRESS AND ITS CONTENTS 


MEMXM 


MEMXM1 


wae 


wa 


SETINV 


SETNOR 


we ve 


SETCIN 
INPOT 
SETIN 


wae we 


SETCOU 
OUTPOT 
SETOU 


LDX 
BEG 


DEX 
LDA 
EOR 
CMe 


BLT 


SAVEX 
KEDRTS 


sCHECK LAST KEY 
D0 NOTHING IF THE FIRST 
sKEY IS A SPATE 


KEYBUF , X 
#3B0O —~ 
#807 
MEMXM1 


3A HEXADECIMAL DIGIT ? 


© IF YES, EXAMINE MEMORY 
*CONTENTS | 

#$83__ 
#SFA 
KBDRTS 
REG2H 
PRBYTE 
REG2L 
PREYTE 
# iT} = a8 
MCOUT 
# ae un 
MCOUT 
#0 
(REGZL);Y 
PRBYTE 
CROUT 


:IF NO, EXIT 


sFOLLOWS WITH A RETURN 


» 


3 FILL SPACE 


STURN ON INVERSE MODE 
:FILL SPACE 

:$2Ce’ BIT’ 

NORMAL VIDEO MODE 


#$00 
REGZL. 
REG2L 
SCREEN 
#407 


FE9D 
FESF 
FEAL 
FEAS 
FEAS 


FEAG6 
FEAS 
FEAA 
FEAC 
FEAE 
FEBO 
FEB2 
FERS 
FEBS 


FER6 


FERS 
FEBB 
FEED 
FEBE 
FECO 
FEC2 


FECS 
FEC? 


FECA 


FECD 


FEDO 
FEDS 
FEDS 
FED? 
FEDS 
FEDB 


FEDE 
FEDF 
FEEO 
FEE2 
FEES 
FEES 
FEES 
FEEB 
FEED 


FEDO 


eRehetelehchehshelehehshslelcloksishs Rehr hcKohshtichsishchsichsishsislchshshrisksisichslehvichsichchsicisisisis 


INPUT 


wa 


we 


Tl ss ve ue 


RNHE X 


G) +e we 
o 


ERROR 


ERROR1 
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#$CO 
OUT SWH 
#600 
OUTSWL 


REG2L 
KEDBRD 
#S07 
#3CO 
INSWH 
#$00 
INSWL 


GO 


#10 | 
PRNHE1 ;0 TO 9? 


#7 FOR A TO F 
#$B0 3FROM NO. TO CHAR. 
MCOUT  <3PRINT IT! 


3 SFILL SPACE 


MTSAVE 


GETBRG :RESUME REGISTER CONTENTS 
REG2L §$ :DESINATION 

PCL 

REG2H 

PCH 

(PCL) sFLY! 


=SAVE xX 
#0 *THEN USE X AS COUNTER 
ERRORM, X:PRINT 7?ERROR ’ 
MCOUT 
#6 
ERROR1 


201 


202 


FEEE 
FEEF 


FFSA 
FFSC 


FFSF 
FF41 
FF43 
FF45 
FF46 
FF4a 
FF43 


FF4A 
FF 4c 
FFAE 
FESO 
FRI 


FFSZ 


AA 
4c 


4c 


AS 
4c 


AG 
AG 
AS 
46 
AS 
28 


60 


86 
84 
83 
08 
63 
85 


FSA 


FEDE 


FDED 


48 


OoONnAKHHeTGCHAHnoHGTannn Nan aN Hann HG nO NO nHAN An OGHAHKnOOHagonoo0oV;ganinvngagjwnan04ac0g 


wae 


wes 


TLOAD!1 


we ws 


wa 68 


we ue 


MBELL 


Gi} ve ve 


ETERG 


SAVE 


TAX 
JMP 


» DEPHASE 


ORG 
« PHASE 


JSR 
JSR 
JSR 
JSR 
JSR 
LDY 
JSR 
STA 
EOR 
STA 
JSR 
LDY 
BLT 
JSR 
CMF* 


BEG 
BNE 


DS 


JMP 
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MBELL :FOLLOWS WITH A BEEF 

$1EFD 

$FEFD 

READPS :FIND LEADING SIGNAL 

HDELAY :BY PASS THE HEADER 

READPS :FIND SIGNAL AGAIN 

FNDSTB :FIND STARTING BIT 

RTIBIT | 

#57 “READ FIRST BYTE IN 

RTSBIT 

(REGIL, X) 

CHKSUM :UPDATE CHECK-SuM 

CHKSUM 

INCREZ :END OF TAPE READ? 

#51 °FOR THE REST BYTES 

TLOAD1 =:NO, CONTINUE 

RT@BIT :READ THE LAST BYTE IN 

CHKSUM sTHIS SHOULD BE THE CHECK- 
“SUM 

MBELL :YES, CONGRATULATION! 

ERROR 

6 

ERROR 

10 

#$87 :CTRL-G 

MCOUT 

REGX 

REGY 

STATUS 

ACC 

REGX :SAVE ALL AEGISTERS 

REGY 

ACC 

STATUS 


FFS4 
FFSS 
FFS7 
FFS8 


FFS9 


FFSC 


FF6ES 
FF68 
FF69 
FF6B 
FF6D 
FF70 
FF72 
FF73 
FF76 


FF79 
FF7B 
FF7D 
FF7F 
FFA1 
FFa3 
FFAS 
FFa7 
FFaA 
FFaC 


FFOF 
FFL 
FF94 
FF96 
FF97 
FF98 
FFA 
FFSB 


FFA7 
FFAS 
FFAB 
FFAD 
FFAE 
FFB1 
FFRS 
FFBS 
FFE7 


4g 


F7 


HNAOnAnHNANn HN aNnAgHgnoNn Aan HaNnnnanAHAANnHNOANnAKnAnOHAaANnANnoOoNAoOTOonD 


MONZ 


READY 


e 
? 


SEARCH 
SEARC1 


SEARCZ 


wee 


GETNUM 


GETNUL 


TSX 
STX 
CLD 
RTS 


JME 


DS 


JSR 
NOP 


LDA 


STA 
JSR 
L.DXxX 
DEX 
JSR 
JSR 


BCC 
STX 
LDX 
cry 
BGE 
LDA 
STA 
JSR 
LDX 
JMP 


LDY 
CMP 
BNE 
RTS 
DEY 
BNE 
CLC 
RTS 


- DEPHASE 


ORG 
» PHASE 


LDA 
STA 
STA 
INX 
LDA 
CMF: 
BLT 
CMF 
BGE 


STACKF: 


MON 


9 


MBELL 


# % ” 
PROMPT 
MGETLZ 
#O 


GETNUM 
SEARCH 


MON 
SAVEX 
#800 
#16 
READY 
#BO0 
STOFLG 
GOSUB 
SAVEX 
MONZ 
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SFILL SPACE 


BEEP! 
sFILL SPACE 
‘KERNEL FROMPT SIGN 


2GET A LINE 
*CLEAR REGISTER FIRST 


“GET A NG. INTO REGZ 
-GET A NON-NUMBER 

21S 1T A COMMAND? 

sNO, INFORM THE USER 
:STORE X FIRST 
»:SUBROUTINES LIKE THIS 
sSPACE OR RETURN? 

sIF YES, SKIF 

*FGR OTHERS, Ci.LEAR FiLAG 


*GOTO THE ROUTINE 
‘RESUME X 


#ADRTBL-COMTEL ;SET UF POINTER 


COMTBL-1,Y 
SEARC2 
SUPDATE FOINTER 
SEARCi ;:END OF TABLE? 
SET UF CARRY =LAG 
$1FA7 
$FFA7 
#S00 
REG2ZL 
REG2ZH 


*UPDATE POINTER 


KEYBUF, X3GET CHARACTER 


#SBO 
NONNUM 
#EC7 
NONNUM 


sIS IT FO HEX NO.W? 


203 


204 


FFBS 
FFRE 
FFED 
FFEF 
FFC1 


FFCS 
FFCS 
FFG? 
FFC8 
FFC9 
FFCA 
FFCB 
FFCC 
FFCE 
FFDO 
FFD1 
FFDS 


FFDS 


FFD6 
FFD7 
FFDS& 
FFD9 
FFDA 
FFDD 
FFDE 
FFE 
FFE2 
FrE4 


FFFA 
FFFC 
FFE 


C3 EA 
30 06 
ES 07 
Cc? EA 
90 1z 


AO 04 
49 EO 


26 SE 
26 SF 


DO F8 
FO DS 


BS FAIA 
B9 FASS 


AO 00 


OSFE 
FAGZ 
FAaO 


Aon0nNnNnaANH ann nonGaNnnNnGAnNnNnNAnHnnnnOnnnMAANnAnNnNnAAANAAG 


CMF 
BLT 
SBC 
CMF: 
BLT 


HEXNUM LDY 


EOR 
ASL 
ASL 
ASL 
ASL 


NUMSHF ASL 


ROL 
ROL 
DEY. 
BNE 
BEQ 


NONNUM RTS 


s 
, 


GOSUB DEY 


ve ve 


ve Ve v8 ve 


we 


we 


TYA 
ASL 
TAY 
_ LDA 
PHA 
LDA 
PHA 
LDY 
RTS 


. DEPHASE 


ORG 


#$BA 
HEXNUM 


PAGE 


*A SHOULD FOLLOW 9 


*BE CAREFUL! 

:s NOW BECOMES 3 

‘SET UP COUNTER 

“TICK OUT THE HIGH BITS 
*<SHIFT THIS NUMBER INTO 


sREGISTER 2 


REG2ZL 
REG2H 


NUMSHF 
GETNU1L 


MODIFY 
ADRTBL+1 


ADRTBL, Y 


#O 


SiFFA 


«PHASE tFFFA 


INTERRUPT VECTERS 


DW 
DW 


DW 


END 


NMTADR 
RESET 
IRQBRK 


SHIFT FINISHED? 

°NO, CONTINUE 

*YES, GO FOR THE NEXT 
*DIGIT 


POINTER 


1-45 


+Y sGET ROUTINE ADDRESS 


sGOTO THE ROUTINE 


PAGE S 


Macros: 

Symbols: 

0043 ACC CHh37 ADDY40 CH41 ADRCAI. 
c98a9 ADRESL. FA99 ADRTEL CAZO ADVANC 
D3eai ASSIGN FCZA AUDOUT EQOO BASICC 
E003 BASICW ' CC9IB RAS I NE CCSA BRASOU!L 
Cccé6s BASOUZ CcéEs BASOUS CC33 BASGUT 
FRSA BEAUTI CAZE BELL CASS BELL1 | 
CASS BELL2 coos SKDROF Co18 BKGRND 
FRaT BREAK FAG6S BREAK! FA6A BREAK2 
FCED ERKMES O3FO BRKVER CAS4 BS 
0678 BYTE FDE6 CS8O00OIN FDE9 CANCEL 
FDS4 CHKDI1 FD43 CHKDIS FD6é5 CHKDRT 
002E CHKSUM DSBS CHOICE CC4D CHOK 
0024 CHORZ CEs4 CHRDIS CREA CHRDS1 
047B CHWHO DSA4 CLEAR CA9B CLEOL2 
CAS9 CLEOLZ CASS CLEOF 1 CAS7 CLREOL 
CA7F CLREOF CA76 CLSCRN FCO6 COLON 
C836 COMFAT FA&88 COMTEL CALS CR 
CAAA CRLF FECS CROUT CC72 CURECH 
0025 CVERT CC44 CVOK O7FSB CVWHO 
F831 DATAO7 FR49 DATAI9O FCI6 DEAF 
FCF 1 DERUGI CREDF DECUR D578 DELAY 
DS7A DELAY 1 CCc7s DONE ccas DONRTS 
F828 DOT CBAO ENCUR CBE2 ENCUR1 
CBCZ2 ENCURS C309 ENT™R FBEA ENTRYL 
FC48 ENTRYZ FEDE ERROR FEE2 ERROR1 
F883 ERRORM CaeaA ESCHK C&6E ESCHK1 
C8&3SE ESCHK2 C8a9B ESCKRT C384 ESCTE! 
C97C ESCTBL ccapD ESCWHG CBFG6E ESCX 
CBFE ESCX1 CREC ESCX2 CCOC ESCXRT 
FCEE EXAMIN FCS8 FSHOME 0027 FRKEYPH 
0026 FREYPL C8Dé FKFND1 C8DA FKFNDZ 
C8EO FKFNDS C&8E6 FKFND4 C8F6é FKFENDS 
FCS8 FNDSTE FEC? FRAMOI FECD FRAMOO 
DSFC FSTIME FFSF GETERG FD71 GETLN1i 
FFAD GETNU 4 FFA? GETNUM FEDO GO 
FFD6 GOSUB C3F4. GOTOX CA4&B GOTOXY 
Cc3c3 GOXY .-C3CF GOxyY1 FCCC HDELAI 
FCE9 HDELAY FFCS HEXNUM CAGE HOME 
cicz HORZSC FiBD HRSEXT C36E ICHRDIS 
C377 TENCUR FC7F INCRE1 FC8S INCRE2 
FC9S1 INCRES C305 INENT FEBIL INFKE1 
FBAA INFKEY C34D INMED FE8SB INPOT 
FEAG INPUT 0039 INSWH 0038 INSWL 
0032 INVFLG ~CCso Io C30F IORTS 
FA&O IR@BRK OSFE IRQVER FE4Z KEDBRD 
FE4A KBDRTS C000 KEYBRD C910 KEYBRT 
02200 KEYBUF 4800 KEYFLG C870 KEYHAE 
C84D KEY IN C&FE KEY INB Ce@6o0 KEY INH 
C010 KEYSTR 002F LASTHI FEFO LEADER. 
FS88E LENGTH CAA7 LF FARBB LOGO 
FREES LOGF I FASC LOWNIB FFS3A MBELL 
FDED MCOUT FDFO MCOUTI! FEOG MCOUT2 


205 


206 


FE14 
FE4E 
FD6A 
FR40 
FF7S 
FRIE 
FR4E 
CC2S8 
FC6éC 
OSFE 
FFDS 
F23C 
FD8s 
FS83i 
F889 
FESS 
FBDS 
oo0ceE 
OO3B 
FROK 
C9OF1 
FDC1 
FBG61 
FERS 
F944 
Cc3cé 
Ccci7 
F965 


O0SC. 


0043 
0047 
DS7 i 
F8ESD 
004E 
F368 


F987 


OO34& 
CO7D 
002K 
0028 
cACcA 
CBOA 
CAB4 
FFaF 
FES8D 
FE97 
cao 
C822 


-Co68 


FCDF 
0100 
0031 
CBSE 
F3DA 
ca6O 
OSFE 


MCOUTS 
MEMXM 
MGETLN 
MODES 
MON 
MFREAD 
MSETWN 
MUSTRi 
MWAITL 
NMIADR 
NONNUM 
NORMAL 
NRIGHT 
ODDEVN 
OPERR., 
OUTPOT 
P3VECT 
PRANK 
FP'CH 
PDLRTS 
POORX 
PREYTE 
PRESPS 
F'RNHE X 
PRNX 
FSCORT 
RAMOOU 
READPS 
REGIL 
REG4H 
REGY 
RESETO 
RETRTS 
RNDNOL. 
RT1BIT 
RTBITZ 
SAVEX 
SBANKZ 
SBAS2H 
SBASL 
SCROLI1 
SCROL4 
SCROLL 
SEARCH 
SETIN 
SETOU 
SETUP 
SETWND 
SONGEN 
SPACE 
STACK 
STOFLG 
SUBY40 
TABI 
TAFE IN 
TEMEX 


FE11 
FESF 
FD67 
FF65 
FC4E 
FD35 
FBSE 
FC22 
FC6D 
D608 
FDOO 
FDAA 
FFCB 
F921 

C307 
0037 
COB4 
VOC7 
003A 
ca78E 
c9EB 
FRO2 


F941 


FI4E 
F940 
CCOD 
F359 
FF 87 
O03F 
0042 
F229 
DSCE 
F833 
C319 
F9S6 
FF4A 
0035 
CO7E 
002A 
FESS 
CAE7 
CBi6é 
FF91 
FE89 
FE8O 
DSCB 
F821 
F812 
FEFA 
COS0 
0049 
CA18 
C078 


FSFS 


coZz0 
O4F RB 


MCOUTS 
MEMXM 4 
MGETLZ 
MON 
MOUTS1 
MRDCHR 
MTABV 
MVTAB 
MWAIT2 
NODRIV 
NONRST 
NOTCR 
NUMSHF 
ODELAY 
OUTENT 
OUTSWH 
PADDLO 
PBANKS 
PCL 
POLKED 
POORY 
PREADi 
PRNAX 
PRNSP 1 
PRNYX 
RAMOIN 
RDBYT2 
READY 
REG2H 
REGSL 
RENEW 
RESET i 
RETURN 
ROAD 
RTSBIT 
SAVE 
SAVEY 
SBANKS 
SBAS2ZL 
SCREEN 
SCROL2 
SCROLS 
SEARC1 
SETCIN 
SETINV 
SETT4O 
SETW40 
SETWTH 
SON INT 
SPEAKR 
STACKP 
STORAD 
SYSTEM 
TABIMP 
TAPEOU 
TEMPY 


FEOO 
FD2C 
FDis 
FF69 
FE2C 
FDOC 
F&aBs 
FC77 
ccaé 
FD95 
CCB4 
CCAR 
F8AS 
002F 
C34A 
0036 
oocs 
00ca 
Co790 
case 
077B 
FBOC 
FECO 
F948 
o0S3 
CC2A 
cccl 
o03D 
OOSE 
0046 
FA62 
O3F2 


' OOGF 


CFFF 
F979 
0778 
COo7C 
CO7F 
0029 
cACi 

CAF2 
CE31 

FF97 
FE93 
FE84 
FR39 
FSiE 
FR4A 
FEFC 
FRG6F 
0048 
C96E 
F3CA 
FOF6 
O6FB 
FR78 


MCOUTS 
MESC 
MINKEY 
MONS 
MOVE 
MRDKEY 
MTSAVE 
MWAIT 
NEWESC 
NOLEFT 
NOP ICK 
NOTCRW 
ODD 
OPCODL 
QUTMED 
OUTSWL 
PBANK1 
PBANK4 
PDLRES 
FOLRTS 
POWER 
PREADZ 
PRNHE t 
PRNSPC 
PROMPT 
RAMOD1 
RDKWHO 
REG1H 
REG2L 
REGX 
RESET 
RESTVR 
RNDNOH 
ROMCLR 
RTBIT1 
SAVE 1 
SBANK1 
SEANKG 
SBASH 
SCROLO 
SCROL3 
SCROLG 
SEARC2 
SETCOU 
SETNOR 
SETTXT 
SETW48 
SIGNAT 
SOUND1 
SRESTV 
STATUS 
SUBTEL 
TAB 
TABLE 1 
TEMPA 
TEXT4O 


PAGE 


S-1 


FBA1 
FB9E 
FFOE 
CBB1 
0068 
CASE 
F992 
cic3 
COF9 
CB3F 
FR2F 
cos 
C92D 
Cg5A 
0023 
0021 
F927 
F912 


No Fatal error(s) 


TEXT8O 
TITLE! 


WRANK 
WBANKS 
WNDETM 
WNDWTH 
WTAPE 
ZDELAY 


C028 
FBAS 
CB38 
CcCCA 
0067 
O3Fa 
F998 
CAOF 
CAi7 
C92C 
CoS4 
Cco4c 
C934 
FELA 
0020 
FE18 
F846 


TEXTCR 
TITRTS 
TOGGSH 
TUGGLE 
TXTABL 
USRADR 
VERERR 
VIDCON 
VIDRTS 
VWDONE 
VZPAGI 
VZTX40 
WBANK 1 
WBYTE 1 
WNDLFT 
WREYTE 
XMEMS 


FB99 
FEFD 
Face 
c1ics 
O57B 
DSBC 
FIBA 
CAG! 
C916 
c9z0 
cosé 
CO4F 
C949 
C350 
0022 
F90D 
Fa6B 


TITLE 
TLOAD 
TSAVE1 
TWOMHZ 
TXTMOD 
USUAL 


VERIFY. 


VIDOU! 
VIDWAI 
WL OOF 
VZSELF 
VZTX8O 
WBANK2Z 
WHO 

WNDTOP 
WRTBIT 
XMEMS1 


PAGE 
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APPENDIX B 


76489 SPECIFICATION 


210° 


DESCRIPTION 


The SN76489AN digital complex sound generator is an I*L/Bipolar IC 
designed to provide low cost tone/noise generation capability in 
microprocessor systems. The SN76489AN is a data bus based I/0 
peripheral. 


FEATURES 
¢ 3 Programmable Tone Generators DUAL IN LINE PACKAGE 
(TOP VIEW) 
¢ Programmable White Noise Generator p2 1 18 Vee 
; o1 2 16 D6 
¢ Programmable Attenuation oe 3 14 cLock 
¢ Simultaneous Sounds neapy 4 "es 
WE 6 12 D6 
°¢ TTL Compatible bE 6 "08 
AVDIO OUT 7 10 D7 
e Up to 40Hz Clock Input* GNO 6 9 AVDIOIN 
° Audio Sumer 
RECOMMENDED OPERATING CONDITIONS 
PARAMETER MIN TYP. MAX UNITS 
Supply Voltage, Vee 4.5 5.0 5.5 Vv 
High Level Output 
Voltage, Vou (pin 4) 5.5 V 
Low Level Output 
Current, Ip. (pin 4) 2 mA 


Operating Free-Air 
Temperature, T, 0 70 °C 


*Part SN76494N is identical to the SN76489A except that the maximum clock 
input frequency is 500kHz. A “divide-by-eight” stage is deleted from the 


input circuitry.and only 4 clock pulses are required to load the data, comparec 
to 32 pulses for the SN76489AN. 


®Ackn : Mos Technology, Inc. 
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OPERATION 
1. TONE GENERATORS 


Each tone generator consists of a frequency synthesis section and an 
attenuation section. The frequency synthesis section requires 10 bits 

of information (FO-F9) to define half the period of the desired frequency 
(n). FO is the most significant bit and F9 {is the least significant bit. 
This information is loaded into a 10 stage tone counter, which is decremented 
at a N/16 rate where N is the input clock frequency. When the tone counter 
decrements to zero, a borrow signal is produced. This borrow signal toggles 
the frequency flip-flop and also reloads the tone counter. Thus, the period 
of the desired frequency is twice the value of the period register. 


The frequency can be calculated by the following: 
a! 
ik 
where N = ref clock in Hz 
n= 10 bit binary number 
The output of the frequency flip-flop feeds into a four stage attenuator. 
The attenuator values, along with their bit position in the data word, are 


shown in Table 1. Multiple attenuation control bits may be true simultan- 
eously. Thus, the maximum attenuation jis 28 db. 


Table 1 ATTENUATION CONTROL 


BIT POSITION 
AQ AL AZ AB WEIGHT 
0 0 0 1 2 db 
0 0 1 0 4 db 
0 1 0 0 8 db 
1 0 0 0 16 db 
1 1 1 1 OFF 


2. NOISE GENERATOR 


The Noise Generator consists of a noise source and an attenuator. The 
nofse source is a shift register with an exclusive OR feedback network. 
The feedback network has provisions to protect the shift register from 
being locked in the zero state. 
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TABLE 2 NOISE FEEDBACK CONTROL 


FB CONFIGURATION 
0 “Periodic” Noise 
1 “White” Noise 


Whenever the noise control register is changed, the shift register is 
cleared. The shift register will shift at one of four rates as determined 
by the two NF bits. The fixed shift rates are derived from the input clock. 


TABLE 3 NOISE GENERATOR FREQUENCY CONTROL 


BITS 
NFO NFL. SHIFT RATE 
0 0 N/512 
0 1 N/1024 
1 0 N/2048 
1 1 Tone Generator #3 Out, 


The output of the noise source is connected to a programmable attenuator 
as shown in Figure 4. 


AUDIO SUMMER/OUTPUT BUFFER 


The summer is a conventional operational amplifier summing circuit. It 
will sum the three tone generator outputs, noise generator output, and 


an external audio source. The output buffer will generate up to 10mA 
(see figure 2 ). 


. CPU, to SN76489AN INTERFACE 


The microprocessor interfaces with the SN76489AN by means of the 8 data liness 
and 3 control lines (WE, CE and READY). Each tone generator requires 10 bits 


of information to select the frequency and 4 bits of information to select 
the attenuation. A frequency update requires a double byte transfer, while 
an attenuator update requires a single byte transfer. 


If no other control registers on the chip‘are accessed, a tone generator 
may be rapidly updated by initially sending both bytes of frequency and 
register data, followed by just the second byte of deta for succeeding value 
The register address is latched on the chip, so the data will continue going 
into the same register. This allows the 6 most significant bits to be quick 
modified for frequency sweeps. 


Ss. 


ly 
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5. CONTROL REGISTERS 


The SN76489AN has 8 internal registers which are used to control the 
3 tone rators and the notse source. During all data transfers to 


the SN7 » the first byte contains a three bit field which determines 
the_dest ination control register. The register address codes are shown 
TABLE 4 REGISTER ADDRESS FIELD 

RO R1 R2 DESTINATION CONTROL REGISTER 

0 0 0 Tone 1 Frequency 

0 0 1 Tone 1 Attenuation 

0 1 0 Tone 2 Frequency 

0 1 1 Tone 2 Attenuation 

1 0 0 Tone 3 Frequency 

1 0 1 Tone 3 Attenuation 

1 1 0 Noise Control 

1 1 | Néise Attenuation 


6. DATA FORMATS 


The formats required to transfer data are shown below. 


REG ADDR DATA i DA 
1 | nots Ro | Fe » 19 | pix FO) FL FO IES 1F4 (FS 


BIT O FIRST BYTE BIT 7 BIT 0 SECOND BYT 
UPDATE NOISE SOURCE § (SINGLE BYTE TRANSFER) . BIT ? 


REG ADOR SHIFT 
1} 98 R1 4 R2 a lee NFO i NF 
iT 0 


BIT 
UPDATE ATTENUATOR (SINGLE BYTE TRANSFER) 


REG ADDR DATA 
RO , R1 ;R2 JAD 7 Al 4 A2y AZ 


BIT 0 BIT 7 
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electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER TEST COND. 


= 
— 
4 
2 
he - 
s 
=< 


Vou Low Level 
Output Voltage lout 2 2m READY 


Outputs Open 


low High Level 
Output Current 


Vin High Level pp-07, WE, CE, cLK 
Input Voltage 


Viz Low Level - Op, 07, WE, CE, CLK 
Input Voltage 

Ry Trans-Impedance 
Amblifier Gain 


Veras Audio Amplifier Pin 9 Open, 


Input OC Bias All Attenuators Off 
Vol tage 


leyt External Audio 


Input leyt as defined 


in Figure 2 


lint * 0 


2dB Attenuation 
4dB Attenuation 


8dB Attenuation 
16dB Attenuation 
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7, The microprocessor selects the SN76489AN by placing CE into the true 
state (low voltage). Unless TE is true, no data can occur. ‘hen Ct 
is true, the WE signal strobes the contents of the data bus to the 
appropriate contro! register. The data bus contents must be valid 
at this time. 


The SN76489AN requires approximately 32 clock cycles to load the data 
into the contro] register. The open collector READY output is used to 
synchronize the microprocessor to this transfer and is pulled to the 
false state (low voltage) ismediately following the leading edge of 
CE. It 4s released to go to the true state (external pullup) when the 
data transfer {s completed. 


The data transfer timing is shown below. 


DATA TRANSFER TIMING 


mts 
Aiagy °° t ' 
wr EY — ho 
‘tay! 
af : i] 
re | 
wer 
FIRST OVTE SECOND BYTE 
Figure 1. 
TABLE 5 FUNCTION TABLE* 


* This table is valid when 
the device is: 
t not being clocked, and 
s initialized by pullin 
and CE high. ye 9 


PIN ASSIGNMENT 


The table below defines the SN76489AN pin assignment and describes the 
function of each pin. 


SIGNATURE 


READY 


PIN 


1/0 
IN 


IN 


DESCRIPTION 

Chip Enable - when active (low) data 
may be transferred from CPU to the 
SN76489AN . 


DO through 07 - Input data bus through 
which the contro] data is input. 


Supply Voltage (5V nom) 

Ground Reference 

Input Clock 

Write Enable - when active (low), WE 
indicates that data is available from 
the CPU to the SN76489AN. 

When active (high), READY indtcates 
that the data-has been read. When 
READY is low, the microprocessor should 
enter a wait state until READY is high. 
Audio Signal In 


Audio Orive Out 
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Switching Characteristics, Vee e §V, Ty © 25°C 


ee Co 
Se SEE 


momen [ame | [ele] = 
felock, ia Clock Transition Time 
Clock a (10% to 90%) 10uS 


C2 ae 


ee 


UE Pulse: 0-3V, t.4, 7S, ty. 16 IS 


toy, TEST CIRCUIT 


Figure 3. 
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BLOCK DIAGRAM 
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BLOCK DIAGRAM DESCRIPTION 


This device consists of three programmable tone generators, a programmable 
noise generator, a clock scaler, individual generator attenuators and an 
audio summer output buffer. The SN76489AN has a parallel 8 bit interface 


through which the microprocessor transfers the data which controls the audio 
output. 
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APPENDIX C 


6502A SPECIFICATION 


MCS6500 Microprocessors 


e Single +5V Supply 

e N-Channel, Silicon-Gate, Depletion-Load Technology 
e 8-Bit Parallel Processing 

e 56 Instructions 

e Decimal and Binary Arithmetic 


DESCRIPTION 


MEMBERS mbes THE FAMILY 


MCS6502 MCS6502 
MCS6503 MCS6503 
MCS6504 MCS6504 
MCS6505 MCS6505 
MCS6506 MCS6506 
MCS6507 MCS6507 
MCS65 12 MCS65 12 
MCS65 13 MCS6513 
MCS65 14 MCS65 14 


MCS65 15 MCS65 15 


PIN FUNCTIONS 


Clocks ($1 and 2) 
The MCS651X requires a two-phase, non-overlapping 
clock that runs at the Vcc voltage level. 


The MCS650X clocks are supplied with an internal clock 
generator. The frequency of these clocks is externally con- 
trolled. Details of this feature are discussed in the 
MCS6502 portion of this data sheet. 


Address Bus (A0-A15) 
(See sections on each processor for respective address 
lines on those devices.) 


These outputs are TTL-compatible, capable of driving one 
standard TTL load and 130pF 


®Ackn : Texas Instruments, Inc. 


The MCS6500 Series microprocessors represent the first totally software-compatible microprocessor family. This family 
of products includes a range ot software-compatible microprocessors which provide a selection of addressable memory 
range, interrupt input options and on-chip clock oscillators and drivers. All of the microprocessors in the MCS6500 group 
are software-compatible within the group and are bus compatible with the M6800 product offering. 


The family includes five microprocessors with on-board clock oscillators and drivers and four microprocessors driven by 
external clocks. The on-chip clock versions are aimed at high-performance, low-cost applications where single-phase 
inputs, crystal or RC inputs provide the time base. The external clock versions are geared for multi-processor system 
applications where maximum timing control is mandatory. All versions of the microprocessors are available in 1 MHz and 
2 MHz ("A” suffix on product numbers) maximum operating frequencies. 


e 13 Addressing Modes 

¢ Programmable Stack Pointer and Variable-Length Stack 
e Usable With Any Type or Speed Memory 

© 1 or 2 MHz Operation 

© Pipelined Architecture 


16 (64 K) 
12 (4 K) 
13 (8K) 
12 (4K) 
12 (4K) 
13 (8K) 
16 (64 K) 
12 (4K) 

13 (8 K) 
12 (4K) 


Data Bus (D0-D7) 

Eight pins are used for the data bus. This is a bi-directional 
bus, transferring data to and from the device and 
peripherals. The outputs are three-state buffers capable of 
driving one standard TTL load and 130pF. 


Data Bus Enable (DBE) 

This TTL-compatible input allows external control of the 
three-state data output buffers and will enable the 
microprocessor bus driver when in the high state. In nor- 
mal operation, DBE would be driven by the phase two (®2) 
clock, thus allowing data input from microprocessor only 
during 2. During the read cycle, the data bus drivers are 
internally disabled, becoming essentially an open circuit. 
To disable data bus drivers externally, DBE should be held 
low. 
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MCS6500 


Ready (RDY) 

This input signal allows the user to single-cycle the 
microprocessor on all cycles except write cycles. A nega- 
tive transition to the low state during or coincident with 
phase one (#1) will halt the microprocessor with the out- 
put address lines reflecting the current address being 
fetched. This condition will remain through a subsequent 
phase two (#2) in which the Ready signal is low. This 
feature allows microprocessor interfacing with low-speed 
PROMS as well as fast (max. 2 cycle) Direct Memory Ac- 
cess (DMA). If Ready is low during a write cycle, it is 
ignored until the following read operation. 


Interrupt Request (IRQ) 

This TTL-compatible signal requests that an interrupt se- 
quence begin within the microprocessor. The 
microprocessor will complete the current instruction being 
executed before recognizing the request. At that time, the 
interrupt mask bit in the Status Code Register will be exam- 
ined. If the interrupt mask flag is not set, the 
microprocessor will begin an interrupt sequence. The Pro- 
gram Counter and Processor Status Register are stored in 
the stack. The microprocessor will then set the interrupt 
mask flag high so that no further interrupts may occur. At 
the end of this cycle, the program counter low will be 
loaded from address FFFE, and program counter high from 
location FFFF, transferring program control to the memory 


vector located at these addresses. The RDY signal must be’ 


in the high state for any interrupt to be recognized. A 3KQ 
external resistor should be used for proper wire-OR 
operation. 


Non-Maskable interrupt (NMI) 

A negative-going edge on this input requests that a non- 
maskable interrupt sequence be generated within the 
microprocessor. 


NM1is an unconditional interrupt. Following completion of 
the current instruction, the sequence of operations de- 
fined for IRQ will be performed, regardless of the state of 
the interrupt mask flag. The vector address loaded into the 
program counter, low and high, are locations FFFA and 
FFFB respectively, transferring program control to the 
memory vector located at these addresses. The instruc- 
tions loaded at these locations cause the microprocessor 
to branch to a non-maskable interrupt routine in memory. 
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NMi also requires. an external 3KQ register to Vcc for 
proper wire-OR operations. 


Inputs IRQ and NMI are hardware interrupts lines that are 
sampled during 2 and will begin the appropriate interrupt 
routine on the #1 following the completion of the current 
instruction. 


Set Overflow Flag (S.O.) 

A NEGATIVE-going edge on this input sets the overflow bit 
in the Status Code Register. This signal is sampled on the 
trailing edge of #1. 


SYNC 

This output line is provided to identify. those cycles during 
which the microprocessor is doing an OP CODE fetch. The 
SYNC line goes high during @1 of an OP CODE fetch and 
stays high for the remainder of that cycle. If the RDY line is 
pulled low during the $1 clock pulse in which SYNC went 


high, the processor will stop in its current state and will 


remain in the state until the RDY line goes high. In this 


‘manner, the SYNC signal can be used to control RDY to 


cause single instruction execution. 


Reset 
This input is used to reset or start the microprocessor from 


‘a power. down condition. During the time that this line is 


held low, writing to or from the microprocessor is inhibit- 
ed. When a positive edge is detected on the input, the 
microprocessor will immediately begin the reset sequence. 


After a system initialization time of six clock cycles, 
the mask interrupt flag will be set and the microprocessor 
will load the program counter from memory vector loca- 
tions FFFC and FFFD. This is the start location for program 
control. 


After Vcc reaches 4.75 volts in a power up routine, reset 
must be held low for at least two clock cycles. At this time 
the R/W and (SYNC) signal will become valid. 


When the reset signal goes high following these two clock 
cycles, the microprocessor will proceed with the normal 
reset procedure detailed above. 


INTERNAL ARCHITECTURE 


@——_——s*aREGISTER SECTION CONTROL SECTION ————®» 
RES MRO NMI 
ABO 
INDEX = : INTERRUPT 
REGISTER RU 
tiie FP 
* ty 
AB? INDEX 
REGISTER ed 
x 
AB3 RDY 
ABs POINT = 
REGISTER |_| 
(S) 
ABS 
. INSTRUCTION 
DECODE 
ABO 
AB? 
ADDRESS 
BUS 
ABK P| TIMING 
. P| CONTROL 
ABO 
@, CIN) 
ABIO | MCS6512,13,14,15 
@2 (IN) 
ABI! | 
CLOCK CLOCK 
ABI2 GENERATOR INPUT MCS6502,3,4,5,6 
ABI3 @, OUT 
@) OUT 
R/W 
ABI4 
DBE 
DATA BUS 
BUFFER wa 
ABIS Pal 
DBO 
TT Tt tt DBI 
LEGEND Baan peo 
fi aap > DB} DATA 
= # BIT LINE an DB4 BUS 
- ‘ 
| = | BIT LINE DB6 
DB? 
NOTES 


1. Clock Generator is not included on MCS6512,13, 14,15 
2. Addressing Capability and control options vary with each of the MCS6500 
Products. 
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NOTES 

1. Add 1 to “N° if Page Boundary is Crossed M Memory Per Effective Address “ Modified 

2. Add 1 to “N” if Branch Occurs to Same Page . “¢: 
"(Add 2 to °N’ if Branch Occurs to Different Page Ms Memory Per Stack Pointer ~ Not Modified 

3. Carry Not = Borrow + Add. Mz Memory Bit 7 

4. if in Decimal Mode Z Flag is Invalid —~ Subt ; 

Accumulator Must be Checked for Zero Result ract Me Memory Bit 6 

X index X “AND N No Cycles 

Y index Y VOR # No Bytes 

A Ae tor WY Exclusive OR 
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INSTRUCTION SET—ALPHABETICAL SEQUENCE 


ADC 
AND 
ASL 


BCC 
BCS 
BEQ 
BIT 
BMI 
BNE. 
BPL 
BRK 
BVC 
BVS 


CLC 
CLD 
CLI 
CLV 
CMP 
CPX 
CPY 


DEC 
DEX 
DEY 


EOR 


INC 
INX 
INY 


JMP 
JSR 


LDA 
LDX 
LDY 
LSR 
NOP 
ORA 


PHA 
PHP 


Add Memory to Accumulator with Carry 
“AND” Memory with Accumulator 
Shift left One Bit (Memory or Accumulator) 


Branch on Carry Clear 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


“Exclusive-or” Memory with Accumulator 
Increment Memory by One 


Increment Index by One 
increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return Address 


Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 
No Operation 


OR’ Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 


PLA Pull Accumulator from Stack 
PLP Pull Processor Status from Stack ° 


ROL Rotate One Bit Left (Memory or Accumulator) 
ROR Rotate One Bit Right (Memory or Accumulator) 
RT| Return from interrupt 

RTS Return from Subroutine 


SBC Subtract Memory from Accumulator with Borrow 
SEC Set Carry Flag 

SED Set Decimal Mode 

SEI Set Interrupt Disable Status 

STA Store Accumulator in Memory 

STX Store Index X in Memory 

STY Store Index Y in Memory 


TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
TSX Transfer Stack Pointer to Index X 
TXA_ Transfer Index X to Accumulator 
TXS Transfer Index X to Stack Pointer 


TYA Transfer Index Y to Accumulator 


ADDRESSING MODES 


Accumulator Addressing. This form of addressing is repre- 
sented with.a one-byte instruction, implying an operation 
on the accumulator. 


immediate Addressing. In immediate addressing, the 
operand is contained in the second byte of the instruction, 
with no further memory addressing required. 


Absolute Addressing. In absolute addressing, the second 
byte of the instruction. specifies the eight low-order bits 
of the effective address while the third byte specifies 
the eight high-order bits. Thus, the absolute addressing 
mode allows access to the entire 65K bytes of addressable 
memory. 


Zero Page Addressing. The zero page instructions allow 
for shorter code and execution times by only fetching the 
second byte of the instruction and assuming a zero high- 
address byte. Careful use of the zero page can result in 
significant increase in code efficiency. 


? 
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indexed Zero Page Addressing. (X, Y indexing) — This form 
of addressing is used in conjunction with the index register 
and is referred to as “Zero Page, X” or “Zero Page, Y”. The 
effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of 
“Zero Page” addressing, the content of the second byte 
references a location in page zero. Additionally due to the 
“Zero Page” addressing nature of this mode, no carry is 
added to the high order 8 bits of memory and crossing of 
page boundaries does not occur. 


Indexed Absolute Addressing. (X, Y indexing) — This form 
of addressing is used in conjunction with X and Y index 
register and is referred to as “Absolute, X°, and “Absolute, 
Y’. The effective address is formed by adding the contents 
of X or Y to the address contained in the second and third 
bytes of the instruction. This mode allows the index regis- 
ter to contain the index or count value and the instruction 
to contain the base address. This type of indexing allows 
any location referencing and the index to modify multiple 
fields resulting. in reduced coding and execution time. 


Implied Addressing. In the implied addressing mode, the 
address containing the operand is implicitly stated in the 
operation code of the instruction. 


Relative Addressing. Relative addressing is used only with 
branch ‘instructions and establishes a destination for the 
conditional branch. The second byte of the instruction 
becomes the operand which is an offset added to the 
contents of the lower eight bits of the program counter 
when the counter is set at the next instruction. The range 
of the offset is —128 to +127 bytes from the next instruc- 
tion. 


indexed Indirect Addressing. In indexed indirect address- 
ing (referred to as Indirect, X), the second byte of the 
instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents is the low- 
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order eight bits of the effective address. The next memory 
location in page zero contains the high-order eight bits of 
the effective address. Both memory locations specifying. 
the high and low-order bytes of the effective address must 
be in page zero. 


Indirect Indexed Addressing. In indirect indexed address- 
ing (referred to as Indirect, Y), the second byte of the 
instruction points to a memory location in page zero. The 
contents on this memory location is added to the contents 
of the Y index register, the result being the low-order eight 
bits of the effective address. The carry from this addition is 
added to the contents of the next page zero memory 
location, the result being the high-order eight bits of the 
effective address. 


Absolute Indirect. The second byte of the instruction con- 
tains the low-order eight bits of a memory location. The 
high-order eight bits of that memory location is contained 
in the third byte of the instruction. The contents of the fully 
specified memory location is the low-order byte of the 
effective address. The next memory location contains the 
high-order byte of the effective address which is loaded 
into the 16-bit program counter. 


ABSOLUTE MAXIMUM RATINGS 
|Rating | Symbol Unit 
=0.3to +7, 
Vn 


CAUTION 

This device contains input protection against damage due 
to high static voltages or electric fields; however, precau- 
tions should be taken to avoid application of voltages 
higher than the maximum rating. 


| 0.3 to +7.0 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%, Vog = 0, T, = 25°C) 
Q,, 2 applies to MCS6512, 13, 14, 15, 05 (in) applies to MCS6502, 03, 04, 05 and 06 


[min [Tw Max [Unt| Test Condon 


Logic, Q% (in) 


iH Input High Voltage Veg + 2.4 Vcc Vdc 
Vec ~ 0.2 Vcc + 0.25 01, 0, 
nN 


Vsg - 0.3 Vs + 0.4 Vdc Logic, Q (in) 
Veg — 0.3 Veg + 0.2 © 0,, 02 
| | Vs #08 | vee RES, NMI, RDY, IRQ, Data, S.O. 


(Vin = 0 to 5.25V, Vec = 0) 
2.5 uA | Logic (Excl. RDY, S.0.) 
100 pA 0,, 0 
10.0 BA Q (in) 
Three-State (Off State) 10 BA | (Vix = 0.4 to 2.4V, Vec = 5.25V) 
Input Current Data Lines 
Output High Voltage Vos + 2.4 Vdc | (ltoap = — 100pAdc, Vcc = 4.75V) 
SYNC, Data, AO-A15, R/W 
Output Low Voltage Vsg + 0.4 | Vde | (loan = 1.6mAdc, Vcc = 4.75V) 
SYNC, Data, AO-A15, R/W 


[Power Despaton | +t as] 70 w 


Capacitance 
10 
15 
12 
50 
30 50 
50 80 


IRQ and NMi require 3K pull-up resistors. 


(Vin =0, Ta = 25°C, f= 1MHz) 
logic 
Data 

A0-A15, R/W, SYNC 


fre = Tee 


Bo (IN) 


@, (OUT) 


@2(OUT) 


@ REF “A” im— REF “’B” 
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CLOCK TIMING—MCS6512, 13, 14, 15 


| 
| 
‘Vcc - 0.2 


TIMING FOR READING DATA FROM 
MEMORY OR PERIPHERALS 


ADDRESS FROM 
MPU 


OATA FROM 
MEMORY 


TIMING FOR WRITING DATA TO 
MEMORY OR PERIPHERALS 


> - TFao at -- TRO 


Bo (IN) 


@, (OUT) —is5v 


@2(O0UT) 


NOTE 
“REF “ means Reference Points on clocks. 
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1 MHz TIMING 


CLOCK TIMING—MCS6512, 13, 14, 15 


Symbol Characteristic | Min Typ 


Clock Pulse Width 1 430 
(Measured at Vcc — 0.2 V) 2 470 


PWH $1 
PWH ¢2 
Fall Time (Measured from 0.2 V to Vcc — 0.2 V) 


Smet [SSCs —SSCS*~*~*~;CS~«é 
exe [Oeetme SSCS~C~sC 
Pw | Goma ke Width messed iS) S*YwwO 
Rey Toe | GowoRee FalTme ———SSCSC~sSSCSC‘“dtCSCS 
To __| Delay Time Beween Gocks mesure isy | SY 
Pw, | dren Poe Wath measured st 15) ———=«d WH 20] 


1 (OUT). 2 (OUT) Rise, Fall Time 
(measured .8 V to 2.0 V) 
(Load = 30pF + 1 TTL) 
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2 MHz TIMING 


CLOCK TIMING—MCS6512, 13, 14, 15, 16 


PWH $1 Clock Pulse Width 1 215 
PWH @¢2 (Measured at Vcc — 0.2 V) 2 235 
Fall Time (Measured from 0.2 V to Vcc — 0.2 V) P| 
Delay Time Between Clocks (Measured at 0.2 V) na 


| Symbol | Characteristic 
Tove | Cycle Time 


$1 (OUT) $2 (OUT) Rise, Fall Time 
(measured .8 V to 2.0 V) 
(Load = 30pF + 1 TTL) 


Read/Write Setup Time From MCS6500A 
Address Setup Time From MCS6500A 
Memory Read Access Time 


Data Stability Time Period | 50 
Data Hold Time — Read | 10 
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SPECIFIC VERSION FEATURES 
(40 Pin Package) 


FEATURES 
® 65K Addressable Bytes of Memory 
e IRQ interrupt 
e NMI interrupt 
¢ On-the-chip Clock 
TTL Level Single Phase Input 


~ RC Time Base Input 
“ Crystal Time Base Input 
e SYNC Signal 
(can be used for single instruction execution) 
e RDY Signal 
(can be used for single cycle execution) 
e Two Phase Output Clock for Timing of Support Chips 


(28 Pin Package) 
RES @5(0UT) 
Vss Go(IN) 
IRQ R/W 
NMI 0BO 
Vcc OB | FEATURES 
ABO 0B2 e 4K Addressable Bytes of Memory (AB00-AB11) 
ABI 0B3 © On-the-chip Clock 
AB2 -DB4 e IRQ Interrupt 
AB3 0B5 e NMI interrupt 
AB4 DB6 e 8 Bit Bi-Directional Data Bus 
AB5 O0B7 
ABE ABI! 
AB7 ABIO 
AB8 ABS 
@2(OUT) 
Bo( IN) 
R/W 
OBO 
DBI FEATURES 
DB2 © 8K Addressable Bytes of Memory (AB00-AB12) 
DBS e On-the-chip Clock 
0B4 —_—— 
DB5 © IRQ Interrupt 
DBE e 8 Bit Bi-Directional Data Bus 
0B7 
ABl2 
ABI 
ABIO 
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(28 Pin Package) 


RES O2(0UT) 

Vss Zo(IN) 

RDY R/W 

TRQ DBO FEATURES 

Vee 06! © 4K Addressable Bytes of Memory (ABO0-AB11) 
ABO Obs © On-the-chip Clock 

AOD DB4 e IRQ Interrupt 

AB3 DB5 ° RDY Soe ctional Data Bus 
AB4 DBE © 6 Bit BLD 

AB5 O0B7 

ABG6 ABII 


(40 Pin Package) 


Vss 
RDY 
6; 
ae) 


Vss ~- 


NM1 
SYNC 
Vcc 
ABO 
AB! 
AB2 
AB3 
AB4 
AB5 
ABE 
AB? 
ABB 
AB9 
ABIO 
ABll 
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ABIO 
ABS 


02(OUT) 


OolIN) 
R/W 
OBO 
OBI 
DB2 
OB3 
0B4 
085 
OB6 
0B7 
ABII 
ABIO 
ABS 


FEATURES 

e 4K Addressable Bytes of Memory (AB00-AB11) 
e On-the-chip Clock 

e IRQ interrupt 

© Two phases off 

© 8 Bit Bi-Directional Data Bus 


FEATURES 

e 65K Addressable Bytes of Memory 
e IRQ Interrupt 

e NMI interrupt 

e RDY Signal 

e 8 Bit Bi-Directional Data Bus 

¢ SYNC Signal 

e Two phase input 

e Data Bus Enable 


(28 Pin Package) 
MCS6513 


FEATURES 

e 4K Addressable Bytes of Memory (AB00O-AB11) 
e Two phase clock input 

e IRQ Interrupt 

e NMI interrupt 

° 8 Bit Bi-Directional Data Bus 


FEATURES 

e 8K Addressable Bytes of Memory (AB00-AB12) 
e Two phase clock input 

¢ IRQ interrupt 

e 8 Bit Bi-Directional Data Bus 


(28 Pin Package). 


MCS6515 


OBO | 
DBI FEATURES 


0B2 e 4K Addressable Bytes of Memory (AB00-AB11) 
083 e Two phase clock input 

DB4 e IRQ Interrupt 

0B5 e 8 Bit Bi-Directional Data Bus 


ODNOAVAWN— 
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APPENDIX D 


BLOW-OUT DIAGRAM 


BLOW-OUT DIAGRAM 


APPENDIX E 


SYSTEM DIAGRAM 
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APPENDIX F 


CIRCUIT DIAGRAMS (PAL) 


naw non oa 2 
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APPENDIX G 


CIRCUIT DIAGRAMS (NTSC) 


LINEAR BOARD | _ 
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LINEAR BOARD CIRCUIT DIAGRAM 
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APPENDIX H 


DIAGNOSTIC DISK 
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PROBLEM DETERMINATION & 
DIAGNOSTIC DISKETTE 


Problem determination is a series of guide lines to assist you 
resolve operational or system failure. What you have to do is 
just to make a series of observations and answer YES or NO 
when checking the results. Based on the results outlined in 
this guide, you can tell if service is needed or what can is to 
be done to make your system operational again. 


The Diagnostic Diskette contains a series of tests to help you 
check the major components internal to your computer. In 
addition, its ability to communicate with the peripheral units 
will also be tested. 


PROBLEM DETERMINATION 


POWER ON DIAGNOSTICS 


WARNING: Always position computer power switch to OFF 
and remove power cord from wall outlet before 
checking or making connectors or cable con- 
nections. 


1 Use a working lamp to check wall outlet. 


BE VERY CAREFUL! | 
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2 Remove ALL modules and cables from the computer. 
Re-install the AC power cord and video cable only. 


APPROPIATE 
VIDEO CABLE 


! 


TO RGB TO AC. 
MONITOR. POWER 
OR 

COMPOSITE 
MONITOR 
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3. Position the power switch to ON. You will see something 
on the screen: 


MAY BE 


MICROSOFT BASIC V.T. VERSION 2.X 
(C) COPYRIGHT V.T. 1984 


18 


MAY BE (NOTHING) 


and you will hear: 
Maybe 1 short beep 


May be many beeps 
Maybe no beep 
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The normal three responses are 


@ The sign on message positioned on the top portion of 
the display. 


MICROSOFT BASIC V.T. VERSION 2.X 
(C) COPYRIGHT 1984 


] 


@ The cursor should be blinking 


® One short beep will be heard 
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4. If there was a screen response, adjust the contrast and 
brightness control for eye comfort 


OV FON 


CONTRAST BRIGHTNESS 


Press [CTRL] and[G] together. The normal response will 
be a series of beeps as long as the keys are held down. 
Adjust VOLUME control for comfortable loudness level. 


VOLUMN 
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5. If you missed the responses, switch OFF the computer, 
wait about 10 seconds, switch ON the computer again. 
You should have the normal responses above. Otherwise 
return computer for services. 
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RUNNING THE DIAGNOSTIC 
DISKETTES 


1. TO CARRY OUT ALL THE TESTS AVAILABLE ON 
THE DISKETTE, THE FOLLOWING SYSTEM CON- 
FIGURATION IS REQUIRED: 


the computer under test 

Floppy Disk Controller with TWO disk drives con- 
nected. 

Data recorder or other switable audio cassette 

recorder. 

A pair of Dual Joystick. 

A Centronics type parallel printer. 

An R-G-B or composite color monitor. 

A Floppy diskette containing the Apple’s DOS 3.3° 
Operating System. 

A Floppy diskette containing the Apple 44K CP/M° 
Operating System. 

Diagnostic Diskette (1), Diagnostic Diskete (2) and 
some INI Ted blank diskettes. 


DOS 3.3 is a registered trademark of Apple Computer, Inc. 
CP/M is a registered trademark of Digital Research, Inc. 


@ A RS-232 Serial Adapter module and a RS-232 com- 


patible data terminal. 


@ A 280 cartridge. 
@ A 16K Soft Emulator Cartridge or card. 
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2. SWITCH OFF THE COMPUTER, THEN PLUG IN ALL 


PERIPHERALS CAREFULLY. 
——_ Drive-2 Drive-1 
[ / Printer 


Controller 


280 Cartridge 
or Emulator 
Cartridge 


Joystick 


Remark: 
How to load Diagnostic Diskette: 


Lift load lever (the disk-drive ‘door’) 

Insert DIAGNOSTIC DISKETTE(1) into DRIVE-1 
until rear stop is felt. Remember: remove the write 
protection tab and the diskette label is at upward 
position. | 

Insert an INITed blank diskette into DRIVE-2. 

Push down the load levers. 


LOAD LEVER 


IN-USE LIGHT 


WRITE PROTECTION 
TAB — REMOVED —% 


DIAGNOSTIC DISKETTE 
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3. RUNNING TEST 


@ Position power switch to OFF. 

@ Insert an Appie DOS System Diskette into DRIVE-1 
and push down the load level. 

@ Postion power switch to ON. 

@ The IN-USE lamp should light-up. In a few seconds, 
DOS will be booted-up. Re-enter BASIC. 

@ Remove the System Diskette and insert DIAGNO- 
STIC DISKETTE (1). Enter RUN MENU [RETURN]. 

@ The IN-USE lamp of DRIVE-1 should light-up. In a 
few seconds, the MENU will appear on the screen. 
Select the following tests as desired. 


3.1 PRINTER OUTPUT 


All printable ASCII characters will be printed on both the 
screen and the printer. 


.3.2 DUAL JOYSTICK 


The positional value of the paddles (PLD@ ~ 3) and status 
of the fire buttons (SW@ ~ 2) will be displayed on the 
screen. 


3.3 DISK DRIVE OPERATION 


Data will be written onto and read back from the drives in 
turn. Any failure will be reported on the screen. 


3.4 ON BOARD ROM TEST 


The contents of block E and F (resident ROM inside the 
computer) is checked using a checksum method. 


3.5 CASSETTE 1/0 test 


The built in cassette interface of the computer is tested 
by saving and then retrieving pre-defined information on 
and from the cassette tape. 


3.6 ON BOARD RAM TEST 


The built-in 64K RAM of the computer, including the 
text page RAM, is tested by write/read sequence. DOS 
reboot is necessary and fired by hitting any key at the 
end of test. 


3.7 DISLPLAY MODES DEMO 


The different display modes of the computer is demon- 
strated by a series of pre-defined picture. 


3.7.1 40 COLUMN TEXT 
7 pictures are used to demonstrate all characters (in 
ASCII code order) under different modes (normal, 
inverse and flash) with different background/fore- 
ground colors. 
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3.7.2 80 COLUMN TEXT 


4 pictures are used the demonstrate the 80 column 
text capbility 


3.7.3 Circle in HGR1 mode 

3.7.4 Vertical color bars in HGR1. 

3.7.5 Horizontal color bars in HGR2 

3.7.6 L-shape pattern in HGR2 

3.7.7 Mixed 40 column text and HGR2 mode 
3.7.8 Circles of different color in HGR5S 
3.7.9 Vertical color bars in HGR5 

3.7.10 Horizontal color bars in HGR6 

3.7.11 Two ellipses in HGR3 

3.7.12 Vertical color bars in HGR3 


3.7.13 Horizontal color bars in HGR4 
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Change of displays can be achieved by hitting any key on the 
computer keybaord. Hit a key at the last picture to re-boot 
the DOS. 


Remark: |= The diagnostic diskette does not contain the 
DOS. Therefore you have to insert a diskette 
that has one when so instructed by the test pro- 
gram. 


3.8 KEYBOARD 


After DOS is re-booted, re-insert the Diagnostic Diskette 
into DRIVE-1 and type 


BRUN KEY.OBJ,D1 (RETURN 


A keyboard pattern is displayed on the screen. The keys are 
tested in sequence as guided by the test program (the flashing 
cursor). Good keys will be erased from the screen and a 
second test will be provided for bad ones. 


Hitting any key at the end of test will return to you with the 
menu. 


3.9 RS232 
Type RUN RS232, D1 [RETURN 


The screen will show you a menu. You can follow the screen 
message to finish this test. 
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4.. Z80 CARTRIDGE 


@ Power down the computer 

@ With the cartridge sitting on the expansion bus on the 
right hand side of the computer, insert an an Apple 
CP/M System Diskette into DRIVE-1. This diskette 
should contain the Apple CP/M Operating System. 

@ Power up the computer. 

@ When the prompt sign A > appears, remove the System 
Diskette and insert DIAGNOSTIC DISKETTE (2). 

@ Enter Z80T 

@ A sequence of tests will begin, including 
e 280 — 6502 control transfer 
e 280 access different text and graphics modes 
e 280 access user RAM areas 

@ Tests conclude with a report of results. 


16K SOFT EMULATOR 


This peripheral takes two forms: cartridge type and card 
type. 


‘CARTRIDGE TYPE 


@ Power down the computer; 

@ Plug the cartridge into the expansion slot at the right- 
hand side of the computer; 

@ Bring-up DOS as described above and re-enter BASIC: 

@ Remove the System Diskette and insert diagnostic 
diskette (1); 


@ Enter RUN RAMI6K RETURN 

@ A sequence of tests will begin, including 
Emulator Write/Read 

Function of all available soft-switches 
Execution of programs in the Emulator 
Tests conclude with a report of results. 


CARD TYPE 


@ Power down the computer; 

@ Install the card into the internal expansion bus located 
inside the chasis of the computer; 

@ Restore all loosen parts and connection; 

@ You may then repeat the test sequence for the 
cartridge type emulator 


Remark: If you have the Z80 cartridge, you may run 
an additional test to verify the co-existance 
of the 16K-Emulator card and 280 cartridge. 


@ Power down the computer; 
@ Install the 16K Emulator card and the Z80 cartridge; 
@ Power up the computer and boot-up CP/M as described 
above; 
@ Remove the Apple CP/M System Diskette and insert 
~ the DIAGNOSTIC DISKETTE (2); 
@ Enter RAM16K2 
@ A sequence of tests will begin, including 
e Emulator Write/Read - 
e Function of all available soft-switches 
e Execuation of programs in the Emulator 
®@ Tests conclude with a report of results. 
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CP/M is a registered trademark of Digital Research Inc. 
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